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Dear Subscriber 


There is so much “‘family feel- 
ing’’ between The Journal and its 
subscribers that we are going to ask 
your help in a family problem. 

We maintain our own subscrip- 
tion records. Every new subscrip- 
tion, renewal, change of address, 
order for back issues, inquiry, and 
complaint goes through the hands 
of a staff who almost know the 
subscriber files by heart. This is 
perhaps old-fashioned but we be- 
lieve it results in better service than 
would any impersonal, mechanized 
system 

The natural busy time for the 
subscription department is the end 
of the year because most renewals 
start in January. This is right and 
proper 

This is our sad story 

The peak load of the subscription 
department continues through Jan- 
uary, February, March and into 
April because of the extra work 
caused by renewals that come in 
after December 10 when the January 
mailing lists must be ready. It takes 
more than three times as much time 
and bookkeeping to take a name off 
the lists and put it back as it does 
to record a prompt renewal. It is 
also frustrating work because you 
undo on Tuesday what you did on 
Monday. 

Please send your renewal check 
early! 


Thank you 
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mae ewer HYPEREXTENSIO 


ae 


SPINAL FUSION 
MODEL 


The spinal fusion model has 
additional advantages 
which make it an admirable 
post-lower fusion brace 
where minimal motion in 
the fused area is desired. 


Literature, reprints and 
measuring charts upon 
request or better still, the 
name and address of our 
nearest bracemaker- 


distributor. 


In inswering 


BACK BRACE 


This brace has proven its worth as a satisfactory hyperextensio 
immobilization device in cases of uncomplicated compression fracture 
of the lower thoracic and entire lumbar spine. It maintains desired 
hyperextension as well or better than the best applied hyper 
extension plaster of paris cast. The brace weighs only a fraction o 
the weight of a cast, permits desired body hygiene and usually ca 
be worn beneath ordinary garments with little or no alteration 
Another advartage of the brace is its adjustability without loss of it 
hyperextension qualities. 


Keats 


MYO-CERVICAL COLLAR 


For cases such as whip-lash injuries, wr 
neck, torticollis, etc.; adjustable as ta 
height and degree of extension. Lowe 
perimeter adjusts automatically to contou 
of sternum and clavicle. Light, cool, com 
fortable and washable; provides positive 
support. Available in small, small-special 
medium and large sizes. 


EXTENSION-FLEXION COLLAR—The Universal Cervical Collar 


Indicated in those conditions requiring positive support and immobilization such 
as whip-lash injuries, wry neck and torticollis; also as an adjunct to braces or 
plaster casts in certain other post-traumatic and post-operative cervical iesions. 
This reversible collar may be used to maintain extension, flexion or 
stabilization; is semi-rigid, ventilated, completely cushioned and adjustable 
to height, circumference and degree of extension or flexion. All parts are inter- 
changeable and washable. Available in small, medium and large sizes with 
interchanging of parts to make possible eighteen various sizes by use of double 


iim) FLORIDA BRACE CORPORATION 


Post Office Box 1366 Winter Park 3, Florida 
Phone Midway 4-2650 


4 


rtisements, please mention 77 


udv¢ 





‘when conservative 
measures for 
uUleviation of pain 
and/or deformity 


of the 
osteoarthritic hip 
become imeffectual., 
surgery must be 
considered” 





mX< 


“Arthroplasty has been delayed many months and 
years in certain diseases in the faint hope that 


physical or other treatment would make the joint or 


) 
i) 


joints sufficiently useful. During this time muscle 
wasting has proceeded. My plea is that the inevitable 
future of many such joints is known, so operative 
delay is detrimental. Not only is muscle treatment of 
little avail around a disorganized joint, but it is 

also difficult to carry out and distressing to the patient 
when employed either before or after an operation.” 


Buxton, St. J. D.: Arthroplasty, J. B. Lippincott Co., Philadelphia, 1955, p.111. 


VITAL 
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“The replacement prosthesis has a very definite place 
in surgery of the arthritic hip. especially when the head of 


the femur is essentially gone or inadequaté.” 


Aufranc, O. E.: Medical Forum, Mod. Med. 27:33 1959. 


LIUM 











“Vitallium appliances are manufactured with ex- 
acting care and precision. Each one is x-rayed and 
carefully tested for flaws. Composition of the metal 
is standardized. It has been proved to be inert and 
nonelectrolytic in the tissues. Vitallium . . . lends 
itself more easily to the manufacture of the Moore 
prosthesis than does stainless steel which requires 
the process of machining. Vitallium is the author’s 
material of choice and theoretically, it may last in- 
definitely and give satisfactory service throughout a 
patient’s expected life span.” 


Moore, A. T: In Am. Acad. Orthop. Surg., Instructional Course 
Lectures, v. 16, C. V. Mosby, 1959, p. 309. 

“Vitallium ... has proved superior to the use of 
steel or other metals or plastics. Not only is Vital- 
lium a satisfactory metal, but the company pro- 


ducing the appliances is using more than ordinary 


skill, care, and know-how, to produce a dependable 


product.” 


Thompson, F R.: In Am. Acad. Orthop. Surg., Instructional Course 
Lectures, v. 16, C. V. Mosby, 1959, p. 299. 


where femoral 
head replacements 
are indicated 
specify 
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HIP PROSTHESES 
AUSTENAL COMPANY 


DIVISION OF HOWE SOUND COMPANY 


, PRODUCTS 


224 EAST 39TH STREET 
NEW YORK 16, NEW YORK 








in your hospitalized patient 


Compazine* offers 


4 beneficial effects 


relieves anxiety and tension 
controls nausea 
stops postoperative vomiting 
eases emotional stress that may aggravate pain and other 
psychosomatic symptoms 
\lso, hypotension is minimal and infrequent—a particular advantage 


n surgical patients. 


For immediate effect: Ampuls and Multiple dose vials. 
Also available: Tablets, Spansulef sustained release capsules, 


Suppositories and Syrup. 


WG) SMITH KLINE & FRENCH LABORATORIES 


ft. tor prochlorperazine, S.K.F 

















“Tt is actually difficult to find 
the threads in a Gypsona Plaster Bandage” 





A deeply-buried fabric that molds firmly around 


protuberances and indentations, a plaster that feels 


almost like pure cream in your hands, a cast with the 


glint of polished marble—these and other refinements 


continue to set Gypsona* apart 


( : INSIDER why this particular 
plaster bandage is the more 
prominent in majority of the 


world’s hospitals. Why is it the 


choice of so many noted ortho 


The reason is one of classic sim 
plicity. Gypsona technique goes 


} 


beyond ‘'selling features’’, such as 


strength, price and the like 


A Matter of Total Quality 


This is one of those all too few cases where a manufac 
turer is intent on total quality. Where he concentrates 
not on a competitive plus, but on every characteristic 


vital to casts and their effective fracture treatment 


A Different Twist 

The leno fabric, for instance. It was developed for a 

number of reasons. For conformability. To prevent the 

sliding of threads. To hold more plaster. To eliminate 
the sawtooth edge 

Instead of a simple crosshatch weave, two (rather than 


one) longitudinal threads are twisted—locking in the 





horizontal thread. Giving t 
you an extraordinary con i. 


formability. You can mold { 
~~ 





























a Gypsona Plaster Bandage ; 
. THE LENO 


ORDINARY 
around bones, protuber- WEAVE 


CROSSHATCH WEAVE 


In answering advertisements, please mention The Jou 





ances—even identations! A rare 
advantage, indeed, in the treat- 
ment of fractures 
The Plaster is Sewn In 
With this leno weave, every thread 
is anchored. All but eliminates the 
nuisance of “‘sliding threads’. A 
high plaster content is retained 
Sewn in, so to speak 
As one eminent orthopedic 
surgeon remarked, ‘Unlike other 
bandages, it is actually difficult to find the threads in 
Gypsona 
“The Cream of Plaster Bandages” 
Quarried and processed in England, Gypsona plaster is 
of a finely-ground texture. Only your hands can appre- 
ciate fully the soft compatibility of such a gritless plaster 
You dip and then you squeeze the wet bandage gently, ten- 
derly. Leave the hard wringing to the more coarse plasters 
It's the cream of the plaster bandage crop” is how a 
surgeon in South Africa put it 
Reduces Temptation 
Four to five minutes is the routine setting time. (For 
many, this short, precise setting represents a sort of 
challenge.) You don't have to hold the limb as long. And, 
incidentally, such celerity reduces the temptation to add 


one more bandage’ 


nal of Bone and Joint Surgery. 





Light, Strong and Mobile 
The upshot is a light cast. Light, strong and mobile 
Patients are inclined to use the limb a little more freely 
You can look for a somewhat faster rehabilitation when 


you use Gypsona 


A Marble-like Luster 


Worth noting, too, is the fact that the cast never comes 
out looking like divinity fudge. The finished cast has a 
marble-smooth cleanness. Patients can feel reasonably 
neat in appearance Ordinary soiling is easily wiped or 


washed away 


Plastic Core and Airtight Package 
Not to be overlooked is the ease of unwinding with the 
Gypsona plastic core. Prevents “telescoping” And then 


Plaster stays fresh almost 


ity 


there's the airtight package 


indefinitely. You have no pre-settung problem 


A Broad Versatility 


As you would expect, a Gypsona bandage costs more 
Only a few cents per cast, however. In return, you re 
ceive a bandage that performs a// the functions unusually 
well. And, with uncommonly broad versatility 
Interested? Get in touch with your Bauer & Black 
representative. He's the man who brings the Gypsona 


Plaster Bandages to America 





FREE BOOK 


Gypsona Technique”, textbook of modern 

plaster methods, 140 illustrations. Write 

Bover & Black, 309 W. Jackson Bivd 
Chicago 6, Ill 











Gypsona 


PLASTER BANDAGES 


Bauer.« Black 


DIVISION OF THE KENDALL COMPANY 


11 


3. 7. M. of T. J. Smith and Nephew Ltd 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


















STRUCTURALLY 
SOUND 








NEUFELD FEMORAL NAIL PLATES 
have been engineered to provide maximum strength 
at the bend. Available in either Neutrilium (cobalt alloy) 
or type 316 stainless steel with screws of identical 
metals... The Neufeld nail is the choice of 
careful, discriminating orthopedic surgeons. 


Ask your Surgical Supply Dealer or 


write for additional technical information 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


now...a new way to relieve pain 
and stiffness in muscles and joints 


@ Exhibits unusual analgesic properties, different 
from those of any other drug 

@ Specific and superior for relief of SOMAtic pain 

@ Modifies central perception of pain without abolishing 
natural defense reflexes 

@ Relaxes abnormal tension of skeletal muscle 


NL‘ 


N-isopropy!-2-methy!-2-propy!-1, 3-propanediol dicarbamate 


In back pain, bursitis, sprains, strains, and bruises, whiplash 
and other traumatic injuries, inflammatory and degenerative 
muscle and joint complaints. 

RAPID ACTING. Pain-relieving and relaxant effects start within 
30 minutes and last for at least 6 hours. 


NOTABLY SAFE. Toxicity is extremely low. No effects on liver, 
endocrine system, blood pressure, blood picture or urine have 
been reported. Some patients may become sleepy on higher 
than recommended dosage. 

EASY TO use. Usual adult dose is one 350 mg. tablet 3 times 
daily and at bedtime. 

supp.iieo: Bottles of 50 white sugar-coated 350 mg. tablets. 
Literature and samples on request. 


‘Ary 
WALLACE LABORATORIES, NEW BRUNSWICK, N. J. LW 








At 

micro-structure analysis 
of materials 

adds ‘‘extra’’ safeguard 
to your surgery 


The chemical and physical proper 
ties of stainless steel delivered t 
Zimmer are certified by the manu 
facturer. Still, Zimmer subjects eacl 
shipment to its own rigorous micro- 
structure analysis. Result: An extra 
assurance that your implants and fix- 
ations will resist the destructive ac- 
tions of body fluids. 


Here’s what happens to a typical 
shipment of certified stainless steel 
after it is delivered to the Zimmer 
laboratory : 


@ Chemical and physical properties 
as stated in Vendor's Certificates 
are checked against material 


specifications. 


Samples are tested for hardness] 


on a Rockwell scale. 


Samples are polished, etched... 
then checked for grain size and 
structural defects. 


If a discrepancy is found in a sample, 
the entire shipment is rejected. 
Micro-structure analysis of materials 
is one more “extra” you get from 
Zimmer’s insistence on precise quality 
control ... and one more reason why 
the Zimmer name has become a 
warranty of excellence. 


ZIMMER MANUFACTURING COMPANY 


Warsaw, Indiana, U.S. A. 
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appliances for orthopedic surgery MATIN Ca 
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ZIMMER MANUFACTURING CO. - WARSAW, INDIANA, U.S.A. immer 
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he'll be under way again soon, once he’s on 


™ ) prescribe PARAFON in_ low back pain —sprains 
strains — rheumatic pains 
Kach PARAFON .jablet contains 
PARAFLEX™ Clhforsoxazonet 125n 


(PARAFLEX™ + LYLENOL™) 


Specific for skeletal muscle spasm 


for muscle relaxation plus analgesia l'yreNor® Acetaminophen 100 m 


and w_arthritis 


PARAFON 


with Prednisolone 


[ McN| } 


McNeil Laboratories, Inc - Philadelphia 32, Pa 








it analgesic preferred in musculoskeletal pa 
Dosave Iwo tablets t.i.d. or q.i.d 

Supplied: Vablets, scored, pink, bottles of 50 
Each PARAFON WITH PREDNISOLONE tablet contain 
PARAFLEX® Chlorzoxazonet 125 mg... TYLENO! 
\cetaminophen 300 mg., and prednisyt ne 1.0 m 
Dosage: One or two tablets t.i.d.or q id 

Su pplre d: lablets, scored, buff colored, bottles of 3 
Precaution I he precautions and contraindic¢ tio 
that apply to all ‘steroids should be kept in min 
when prescribing PARAFON WITH PREDNISOLONE. 


sailor tU. S. Patent Pendir 


S4A 





ESELY-STREET 








VESELY-STREET NAILS ARE MADE F&F 
OF THE FINEST QUALITY NON- 
MAGNETIC, INERT, SMO STAINLESS 
STEEL . . . SPRING TEMPERED TO A 
SPECIAL ROCKWELL-HARDNESS. 


When inserting the Vesely-Street Nail the 
spring action of the 7" split portion spreads, 
thereby preventing rotation and giving maxi- 
mum strength. (Technique upon request.) 


WRIGHT MANUFACTURING CO. 


880-882 ADAMS AVENUE + MEMPHIS 3, TENNESSEE 


WRITE TO DEPT. V-1 FOR FURTHER 
INFORMATION AND NEW CATALOG 








SMITH-PETERSEN OSTEOTOMES and GOUGES 


aPyPF YF 0-250 SMITH-PETERSEN OSTEOTOME straight, 
| 3“ J sizes y" tg" \, a" 5e" %%, “a An and 1% “a 
Stainless Steel. 


; , |} 0-255 SMITH-PETERSEN OSTEOTOME ~ curved, 
yy WoW 





“ 5 Td 4é a ‘ 
8", sizes 4", 36", 6", 56%", 1 and 14", 


Stainless Steel. 


0-260 SMITH-PETERSEN GOUGE straight, 8”, 


e 4 @¢ “ti a ft “a ° 
sizes 38", “oe, 24° and 1”. Stainless Steel. 


0-265 SMITH-PETERSEN GOUGE —curved, 8”, 
sizes %", %e", %4" and 1”. Stainless Steel. 
0-270 SMITH-PETERSEN GOUGE-— reverse 


a“ 


“ ° ” « “i il ‘ . 
curved, 8”, sizes 6", %10", 94" and 1”. Stain- 


0-250 0-255 0-260 0-265 0-270 less Steel. 











A NEW STAINLESS STEEL CASE TO HOLD 
SMITH-PETERSEN 
OSTEOTOMES and GOUGES 


0-295 Open 


CASE 0-295-—holds seven Smith-Petersen 
Osteotomes. 


CASE 0-296— holds seven Smith-Petersen 
Gouges. 

CASE 0-2°7 —holds a combination of seven 
Osteotomes and Gouges. 


Cutting edges are protected at all times. i : 
Complete unit may be autoclaved. 0-295 Closed 


Specify Width of Gouges and Osteotomes When Ordering 


Codman & fuultly . Su 


MAKERS OF SURGEONS’ INSTRUMENTS 


104 BROOKLINE AVENUE BOSTON 15, MASSACHUSETTS 
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No. 1400 OPEN TOE 
Straight-line symmetrical 
last, firm heel, no back 
seam. Adaptable to Denis 
Browne Splints 


No. 1300 CLOSED TOE 


Lace-to-toe design permits 
snug, gentle fit. Perfectly 
smooth inside. 


No. 1700 CLUBFOOT, OPEN TOE 
Special outflare last, sturdy 1 
instep strap to stabilize 

heel. 


Lovis C. Weld, President of G. W. 
Chesbrough Co. ... “My own personal 
experience led to the development of the 
new Chesbrough Shoe.” 


Parents can afford 
CHESBROUGH 


Orthopedic Pre-Walkers 


Here are Orthopedic infants’ shoes that meet rigid require- 
ments of corrective footwear yet fit the family budget. 

High-quality workmanship and fine leathers with 
orthopedically correct lasts are combined in Chesbrough 
Shoes to sell at a moderate price. 

Any parent whose child requires orthopedic correction 
knows the expense is great, as frequent purchase of new 
shoes is required. 

This problem was brought home to Chesbrough’s 
president, Louis C. Weld, three years ago, when a child in 
his own family needed such a shoe. Recognizing the need 
for orthopedic shoes at an economical price, Chesbrough 
Company put their 60 years of shoemaking experience to 
work and Chesbrough Corrective Pre-Walker Shoes were 
born. 


All shoes in unlined white elk, sizes 000 to 4, narrow and wide. Available 
in full pairs, split pairs or single shoes (no extra charge for half pairs) 


MAIL COUPON FOR FREE DESK SAMPLES 


G. W. CHESBROUGH CO. 


807 Smith Street, Rochester 6, N. Y. 


NAME 
ADDRESS 


CITY 


YOUR ORTHOPEDIC SHOE DEALER: 
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ANNOUNCING 
SCHERINGS 
NEW 


MYOGESIC’ 


= EASES STRAINS 
al SPRAINS & LOW 
| a BACK PAINS...! 





RELA—a new myogesic for better 
relaxant and analgesic therapy— 
more adept management of 
spasm and pain in strains, 
sprains and low back pains. 


RELA—thouch a single drug—is a true 
myogesic and works rapidly 
to achieve three desired effects... 


Rela relaxes acute muscle spasm 
Relief of muscle spasm (96°7 excellent 
to good effectiveness)! 

Rela provides a unique quality of 
persistent pain relief through 

its relaxant and analgesic actions 
‘Relief from pain was usually rapid 

and sometimes dramatic”?! 

Rela, through relaxation and analgesia, 
assures daytime ease and nighttime rest 
‘“... Anumber of patients reported 
freedom from insomnia which they 
attributed to freedom from pain.””! 
indications: RELA is most beneficial in those 
conditions of the musculoskeletal system 
manifesting pain, stiffness and spasm 

safety: Studies of more than 1400 patients 
indicate that the toxicity of RELA is exceptionally 
low. In human subjects, respiratory, 

blood pressure or blood chemistry changes 
and/or renal, hepatic or endocrine dysfunction 
have not been reported. 

dosage: The usual adult dosage of RELA is 

one tablet 3 times daily and at bedtime. 

RELA has a rapid onset of action, with relief 
usually apparent within 30 minutes, and 
persisting for at ieast 6 hours. 

supply: RELA is available as 350 mg., pink, 
coated tablets in bottles of 30. 


1. Kuge, T.: To be put ed 
xMYOGESIC hat 
muscle analgesic i G Cun 


relaxant 








Handpieces for the Stryker 
Electro-Surgical Unit 


® Bone Saw 

® Rolo-Dermatome 

® Sagittal Saw 

@ Pencil-Grip 

Burring Handpiece 

® Bone Drill Handpiece 


Automatic Screwdriver 
Colorguide Drill 
Jacobs Chuck 


® Colorguide Screw Case 


Screws are driven in automatically. 
Color-coded drill determines depth of hole. 


The lightweight han Ipiece is geared to sl 
speed and perates not only the Drill and Screw- 


driver, but also a 34,” Jacobs Chuck. The color- 


OW 


guide on the drill shaft accurately indicates the 
depth of hole drilled for quick selection of cor- 
rect screw length by color from screw case 

Screws are inserted or removed by using the 
clockwise or counter-clockwise shaft in the drill 
head. 

Ask for the Colorguide Drill and /or Screw- 
driver on approval. Call, wire or write today. 


Orthopedic FrameCompany 


420 ALCOTT STREET + KALAMAZOO » AH 


Agent for Export: Schueler & 





SUSAN, THE TECHNICIAN TELLS HOW: 


“Patrician’s comfort 
and simplicity 
please everyone” 


“Our radiologist likes 
the Patrician for flu- 
oroscop\s Traded his 
old unit got rid of 
tiresome tussles with 
an awkward fluoro- 


scopic screen. 


“Poor Mrs. Smith had 
tremors — no prob 
lem for me, though 
The Patrician ‘200° 
is built for split-sec “Miss Jones says 
ond radiography that : she ‘feels faint’ — 
really ‘stops’ motion.’  \tyr I’m glad to knou 
| the Patrician han- 
dles easily. Switch- 
es quickly from 
fluoroscopy to ra 
ae ee ee diography ...min 
comfortably. Even imizes examina- 
Ghd, tnabemennn aanktidy » tion time for high 
hic for this roomy : strung patients. 
81” tabl F 


Ask your G-E x-ray representative for 
full details on Patrician’s big-table con- 
venience. Or clip this coupon for a copy 
of new illustrated catalog 


GENERAL @@ ELECTRIC 


X-RAY DEPARTMENT 
GENERAL ELECTRIC CO. 
Milwaukee 1, Wisconsin, Rm. CF-121 
Please send me 
New 8-page PATRICIAN bulletin 
Facts about deferred payment 
MAXISERVICE® all-inclusive rental plan 
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SCIENTIFIC CONSTRUCTION 
SHOES 


Style No. 84 


Alden-Pedic lasts and shoes are scientifically de- Developed through 
signed to fit the individual foot shape and at the our modern re- 


same time accommodate your prescribed correc- search program 


tions and insertions without sacrificing any fitting 
qualities. Alden-Pedic shoes are basic prescription 
shoes. We do not manufacture a pre-corrected © Right and left ortho 
or commercial health shoe. heels, long inside 


* Long inside counter 


Orthopedic surgeons familiar with the Alden-Pedic 
h hieved most satisfactory results 9 | "*evy seuge rah! 
program have achieved most satisfactory resu oad eh cana ae 
in recommending our shoes. shank. 
Write us today for our new illustrated brochure ss hap 
of Alden-Pedic styles for men and boys and our ~~ eee 
os ae, accommodates pre- 
new Progress Report on Shoe and Last Design”. scribed corrections 


C.H. ALDEN SHOE COMPANY (re 


Co? D . AND NAME OF 
Oust mW Be olnakers Since 1884 NEAREST DEALER 


BROCKTON. MASSACHUSETTS Re 
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remember this patient 
with musculoskeletal pain? 


remember Zactirin 


Ethoheptazine Citrate Oo) m6.) with Acetylsa 


Active now, pain relieved, inflammation controlled, free of disturbing reactions... . 
ZACTIRIN Offers reliable analgesia plus anti-inflammatory benefits in a wide variety of 
joint and muscle disorders. It is non-narcotic and nonsteroid. Its relief of pain is 
equivalent to that of codeine. Yet it is well tolerated in both acute and prolonged use. 


Myositis, fibrositis, myalgia, low back pain, ligamental strain, sciatica, bursitis, frozen 
shoulder, wryneck, osteoarthritis, rheumatoid arthritis, postoperative orthopedics 


Supplied: Tablets, bottles of 48. —___ 
| Aizeth | 
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the action of the TARSO SUPINATOR SHOE 


. . swings the hind-foot inward, which 
induces adduction of the fore-foot, ele- 
vates the longitudinal arch, and levels the 


ankle joint. 


When the hind-foot is held in a posi- 
tion of inward rotation, the talo-scaphoid 
and cuneiform-scaphoid joints will remain 
locked under weight bearing. The arch 
will not collapse and the ankle will not 


roll inward. 


Correction is accomplished by the 
specially shaped last. Medially wedged 
and extended heels promote better weight 
distribution. Media!ly extended counters 


are used for utmost control. 





See us in Chicago — January 23-28 
27th Annual Meeting 


American Academy of Orthopaedic Surgeons 
_ BEFORE AFTER 


BOOTH 30 








The Tarso Supinator shoe is used successfully in treatment of the plano-valgus foot. Pronation 
is controlled at once. Permanent improvements in walking and in foot posture will generally 
eecur. Patients find Tarso Supinators notably comfortable. 


Tarso Shoes are ready-made and are available on prescription from dealers in most cities. 
Write for catalog and name of nearest dealer. 


M. J. MARKELL SHOE COMPANY, INC. 


332 SOUTH BROADWAY @ YONKERS, NEW YORK 
5 HOE ORIGINATORS OF TARSO PRONATOR® AND TARSO MEDIUS® SHOES 


Tarso shoes have been in use for over twenty-five years. 


FOR FLAT FEET 
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pemewe SOLVES ANOTHER PATIENT’S 
TAL SUPPORT REQUIREMENTS 


@ Spencer first realigns the body — then 
designs a support to hold it that way. 


Previous braces for this patient with scoliosis 
and kyphosis were cumbersome and conspicuous. 


‘ter Spencer combines proper anatomical support with 
cosmetic acceptability. 


She indicates Spencer is 100% better. She could not 
walk, sit or do her housework without it. It gives her 
better support and makes her stand taller as wel! as 
mproving her figure and general well-being. 


@ Note unique placement of steels 
for maximum support and greatest tolerance. 


! 
| SPENCER, INCORPORATED 
| 19 Ellsworth Ave., New Have: 7, Conn 
P os 
Spencer’s Individual Designing Service is Diente: Retiree, blk Deedh talent Aties 


available to you through Corsetieres spe- j England Spencer, Ltd., Banbury, Oxon 
cially trained to help you help your pat ents. Send me the name of the nearest Spencer Corsetiere. 
| would like an office demonstration of Spencer bene- 
fits and features 


! 

| 

| 
SPENCER tw 

| Address 
individually designed supports | 
for women, men and children | 
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when the 
rheumatic 
disorder 

is more 

than salicylates 
alone 

can control... 


MORE 
NDIVIDUALIZED 
THERAPY 
FOR THE 
RHEUMATIC ; 
aves requires less 
“IN-BETWEEN” than 


f S 








wider latitude in adjusting dosage 

ARISTOGESIC is particularly effective for relief of 
chronic — but less severe — pain of rheumatic origin. 
ARISTOGESIC combines the anti-inflammatory effects 
of ARISTOCORT® Triamcinolone with the analgesic 
action of salicylamide, a highly potent salicylate. 
Dosage requirements for ARISTOGESIC are substan- 
tially lower than generally required for each agent 
alone. The exceptionally wide latitude of dosage adj ust- 
ment with ARISTOGESIC permits well-tolerated therapy 
for long periods of time with fewer side effects. 
Indications: Mild cases of rheumatoid arthritis, tenosynovitis, 
synovitis, bursitis, mild spondylitis, myositis, fibrositis, neu- 
ritis, and certain muscular strains. 

Dosage: Average initial dosage: 2 capsules 3 or 4 times daily. 
Maintenance dosage to be adjusted according to response. 


Precautions: All precautions and contraindications traditional 
to corticosteroid therapy should be observed. The amount of 
drug used should be carefully adjusted to the lowest dosage 
which will suppress symptoms. Discontinuance of therapy must 
be carried out gradually after patients have been on steroids 
for prolonged periods. 
Each ARISTOGESIC Capsule contains: 
ARISTOCORT" Triamcinolone. reereee 8 
Salicylamide ... sesseeeedD MQ. 
Dried Aluminum Hydroxide Gel 75 mg. 
Ascorbie Acid...... ; , . ; .20 mg. 


Supply: Bottles of 100 and 1.000. 


Capsules 


Steroid-Analgesic Compound LEDERLE 


LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pear! River, New York 
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Leather Lining —g- 








Cellular Rubber —W 





Celastic and Leather 8 


a 
“=. 
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EASTERN REGION 
BALTIMORE |, MD 
ROSTON 15, MASS 
CHARLESTON 2, W. VA 
NEW YORK 11, N. Y 
PHILADELPHIA 7, PA 
RALEIGH, N. C 
RICHMOND 19, VA 
ROANOKE 12, VA 


WASHINGTON 13, D. C 


The Soft Socket for below-knee amputations 
provides a new solution for sensitive 
stumps where weight-bearing has been or 


may be uncomfortable. 


In constructing the Soft Socket Limb, a special 
socket is made which incorporates a layer 

of a new nitrogen-filled cellular rubber. 

This produces a slight but tangible degree of 
softness and resiliency in the socket, with 

the result that the sudden pressure on 

the stump caused by the first impact 

of weight-bearing is greatly reduced. The 
special characteristics of cellular rubber 
prevent “packing’’, even after long periods of 
use, ensuring that the socket of the 


prosthesis will retain its original shape. 


* The SOFT SOCKET 


. anew solution for sensitive stumps 


Over the years, Hanger has developed, 
perfected and introduced outstanding 
achievements in artificial limbs and has 
cooperated closely with the program of 
prosthetic research sponsored by the National 
Academy of Sciences National Research 
Council. Hanger continues Research by 
testing new ideas, methods and 

materials in constantly seeking the better 
way to make even better. prostheses that will 


bring greater happiness to amputees. 





AVAILABLE AT AUTHORIZED FACILITIES IN THE FOLLOWING CITIES 


SOUTHEASTERN REGION: 


ATLANTA 9, GA 
BIRMINGHAM 1, ALA 
COLUMBIA 5, S. C 
JACKSONVILLE, FLA 
MIAMI 37, FLA 
MOBILE, ALA 
MONTGOMERY, ALA 


CENTRAL REGION: 


COLUMBUS 8, OHIO 
JOHNSTOWN, PA 


ertisements 


euse mention The Journal of Bon 


MIDWESTERN REGION: 


CHICAGO 5, ILL 
CINCINNATI 29, OHIO 
DALLAS |, TEXAS 
EVANSVILLE, IND 
FORT WAYNE, IND 
HOUSTON, TEXAS 
INDIANAPOLIS 2, IND 
OKLAHOMA CITY 3, OKLA 
PEORIA 4, ILL. 

ST. LOUIS 66, MO. 
WICHITA, KANS. 


NASHVILLE 5, TENN 
NEW ORLEANS 19, LA 
ORLANDO, FLA 
SAVANNAH, GA 

ST. PETERSBURG, FLA 
TAMPA 2, FLA 

WEST PALM BEACH, FLA 


PITTSBURGH |, PA 
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If you or any of your patients 


are bothered by backache... 


read this report from 548 physicians about 


Simmons new orthopedic-ty pe mattress 


BACK CARE 


with Built-in Bedboard. 


Simmons Company recently completed an ex- 
tensive survey of physicians who are using the 
Back Care mattress. Its purpose: to obtain pro- 
fessional Opinion of this new orthopedic-type 
mattress —BACK CARE® with Built-in Bedboard. 


More than 500 doctors have submitted their 
personal appraisal of Back Care. All of them 
had used this new mattress to relieve chronic 
backache and other disorders affecting the back 
from which they. themselves. or some membet 
of their families suffered. 

Approximately 75 percent of the physicians 
rated Back Care as an 
the management of low-back pain. And the great 


“excellent” adjunct to 
majority of the doctors preferred Back Care to 
so-called “posture” mattresses or ordinary mat- 
tresses with bedboards. 

Here are some typical comments received 
from physicians who have used Back Care: 
*T am of the opinion that Back Care will meet 
all of the requirements of the low-back syn- 
drome.” 
Lam well pleased with Back Care. I used an 
ordinary mattress with a bedboard underneath 


for 5 years. There is no comparison.” 
“Wholly satisfied. Would recommend Back 
Care to all people whether there is a back dis- 
order or not.” 

“Simmons Company has rendered a very help- 
ful aid to physicians generally and to orthope- 
dists in particular in developing Back Care.” 
Doctor, we believe that you. too, will share the 
enthusi ism expressed by so many otf your col- 
leagues for Back Care with Built-in Bedboard. 
If youre looking for an entirely new type of 
orthopedic mattress—one that combines the 
desired degree of firmness and comfort—Back 


Care merits vour consideration. 


Write to Simmons Co., Dept. BB, Merchan- 
dise Mart, Chicago 


of the descriptive Back Care booklet. 


4, Hlinois, for a free copy 





¢ 


€ 


BACK ™ CARE 
ll 
W/TH BU/LT-(N BEDBOARD 











by SIMMONS 
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Your patients with 
LOW BACK PAIN 
can expect striking 
relief and return 
to normal activity 
when you prescribe 


francopal 


case profile.’ A 42-vear-old truck driver and mover injured his back while 
t side. X-rays for ruptured dise revealed 


moving a piano. The pain radiated from the sacral region down to the region 
righ 
of the injury he was given Trancopal immediately 


of the Achilles tendon on the 


Che day 
Although 100 to 200 mg. three times a day 


nothing pertinent 
after the physical examination 
were prescribed, the patient on his own responsibility increased the dosage of 
Trancopal to 400 mg. three times a day. This dosage was continued for three days 

and then gradually reduced over a ten day period. During this time, the patient continued to drive his truck. 
is completely controlled and no apparent side effects were noted. For the past six 


pasm wi 
ntinued to take Trancopal 100 to 200 mg. as needed for muscle spasm, 


The muscle 


the patient has ¢ 


months, 
particularly during days 


Vv 


r strenuou 


Indications 


New available in two strengt 


Jou nal of Bone and Jot Su gery 
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The thing 

to look for in 
Elastic 
Bandages 

iS 





WITH THE POSITIVE S¥RETGH THAT KEEPS ITS SNAP 
FOR LONGER LASTING COMPRESSION 


Heat stability and strength are important of course. 
These are requirements, fundamental in TENSOR 
bandages. Where the brands differ—where the quality 
shows up—is in the lasting support. 

This is where Bauer & Black’s many years of 
specializing in bandages and elastic goods play a 
key role. 

Safe, Comfortable, Conforming 
A special weave of highly developed rubber threads 
gives TENSOR Elastic Bandages sure, even compres- 
sion over large areas. Self-conforming, they adjust 
readily and comfortably to swelling. Thin plastic tips 
eliminate the risk of bulky points—safer and easier 
to apply. 

These are the qualities that spell the difference. 
TENSOR Elastic Bandages cost no more than any other 
fine bandage. Yet TENSOR gives you features found in 
no other bandage plus the reassurance that you are 
treating your patients with the best 

No other elastic bandage costs less per day than 
TENSOR. By Bauer & Black, of course 


TENSOR 


ELASTIC BANDAGE 


Woven with heat resistant /ive rubber threads 


Bauer « Black 


DIVISION OF THE KENDALL COMPANY 
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LOTTES NAILS ana INSTRUMENTS 


” 














LOTTES FEMORAL NAILS are manufactured with diameters of ¥%, %6, and 2 inches 
—with lengths in Y2 inch variations from 14 to 20 inches. 











LOTTES TIBIAL 
NAILS are made in 
He and % inch diam- 
eters—in lengths 
from 9 to 15%” 
inches, in variation of 
Yr inch. 


























LOTTES NAILS AND INSTRUMENTS ARE MADE OF 18-8 SMo STAINLESS STEEl 





LOTTES DRIVER-EXTRACTOR COMBINATION and 
LOTTES MALLET 


LOTTES GUIDE WIRE AND LOTTES REAMER 


The reamer comes in 3 diameters: %, 
%, and 2 inch—all are 23 inches in 
length. 


























CHAS. A. SCHMIDT SURGICAL INSTRUMENT COMPANY | 
3689 Olive Street, Saint Louis 8, Missouri 








TE EES ATS A A RT ES FA. LT TEE SE TTT | 2 
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PROVEN EFFECTIVE 
FOR THE TENSE AND 
NERVOUS PATIENT 


** There is perhaps no other drug introduced in 
recent years which has had such a broad spec- 
trum of clinical application as has meproba- 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component.ss 
Krantz, J. C., Jv: The restless 
patient — A psychologic and 


pharmacologic viewpoint 
Current M. Digest 


~—— _Miltown 


the original meprobamate, discovered and introduced by 
WW) WALLACE LABORATORIES, New Brunswick, N. J 
4 





CAMP TRACTION APPARATUS 


for positive therapy, comfortable use in hospital or home 


CAMP-ANDERSON 
TRACTION LEGGING 


Easy-to-use, one-piece unit 


A simple one-piece apparatus for lower 
extremity skin traction, the Camp Ander- 
son Legging is fabricated with attached 
straps and buckles so it may be applied by 
Made 


from skin-adhering foam rubber covered 


inexperienced hospital personnel 


with soft, strong coutil with an aerated 
elastic back inset for shaping to the leg. 
May be washed or autoclaved. 





S.H. CAMP and COMPANY 
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CAMP HEAD HALTER 


Available in complete set or individual units 


The improved Camp Head Halter is lined 
with foam rubber vulcanized to strong 
tackle twill for patient comfort and better 
fit. Camp's side buckle opening feature 
permits presetting by doctor or patients 
for easy donning and removing in the hos- 
pital or at home and makes it possible to 
apply the halter without movement of the 
patient’s head. The notched spreader bar 


affords use in varying widths. 





Jackson, Michigan 
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FOR 
ORTHOPEDIC 


APPLICATIONS 


freeman 2: 


For 68 years Freeman has worked closely 
with orthopedic surgeons to design surgical 
garments that provide correct support. 
Each garment is made by skilled craftsmen 
using the finest materials available. 


There’s a quality Freeman support for 
most every application. You can be certain 


MODEL 423 
that the garment you select will carry 


Sacro-Lumbar Back lec ; 
Support for Women out your prescription to the best possible 


satisfaction of you and your patient. 


Freeman corset-type back supports provide 
bracing in any desired degree to 
almost complete immobilization. Special 
construction features assure comfort 
for the wearer in sitting, standing and 
reclining positions. 

FREEMAN QUALITY FEATURES 

MODEL 422 

Sacro-Lumbar Back #/ fa/ fel J New Dacron-Pima Cotton Fabric. 
Support For Men a : Petal-Soft Interior Finish cushions the stays, 
avoids irritation. Self-Smoothing, Exclusive 
Non-Wrinkle Fly speeds putting 
on garment and avoids comfort-robbing 
wrinkles. Soft Plush Padding under 
hooks and eyes. Superb Needle Work. 





R@4C FREEMAN MANUFACTURING CO. 
Dept. 712, Sturgis, Michigan 


F R E E M A N Please send details on new Freeman features and include 


free reference catalog. 


Vv a 
ae Address 
a 
—_— 


City Zone State 
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The NEW 
DUAL 
PURPOSE 


+s» WASELINE ---- 
PETROLATUM GAUZE U.S. P 
STERILE 


3x3 PAD, opens to 3x 9 INCHES 3 . 3" X g” 
—L———— = e 


7 ame Shorter length ends waste 


—_ vs & on small area wounds. New Z-fold 


insures perfect graft takes. 


Guaranteed sterile at time of use. 


Gth SIZE of 
VASELINE 


1" PETROLATUM GAUZE 


Three-ply, fine-mesh Now supplied in: 1/2"x 72” 3x 18” 
gauze, lightly impregnated — 1’x 36” 3'x 36’ 
for use in physician's 3" 3°/ 3% 9” 6" 36° 


office, industrial medical 


Sole Maker: 
CHESEBROUGH-POND’S INC. 


Professional Products Division 


New York 17, N. Y. 


department, first aid. 


VASELINE is a registered trademark of Chesebrough-Pond's inc. 





In the treatment of congenital dysplasia and 
dislocation of the hip under two years, an ideal 


splinting position is with the hips at 90° flexion 


and 90° abduction. 

Tubular shaped when on the patient, the Craig 
Adjustable Hip Splint holds the hips comfortably 
in this correct position without rigid or bulky 
immobilization. It is impervious to water, thus 
completely sanitary. Constructed of frosty white 
plastic with plastic covered foam rubber binding 
to prevent irritation. The splint retains the 
diapers, eliminating the need for safety pins. 
Two snap-button fasteners makes diaper chang- 
ing’ easy. 

3y a simple “button-hole” adjustment, the 
splint is suitable for all infants from birth to 
two and one-half years. 


WRITE FOR FULL INFORMATION 





CRAIG 
ADJUSTABLE 
HIP SPLINT 


(Patent Pending) 


For the treatment of: 


CONGENITAL DYSPLASIA 
AND DISLOCATION 
OF THE HIP 








Kchawub 
MANUFACTURING CO. 


756 Madison Avenue, Memphis, Tennessée 








Lock the Gone with Dynamics 


Oblique Fractures—Short Fragments * 
teRUSH ° 


MEDULLARY PIN 


PAT. NO. 2,579,968 


WRONG 








Direction of pin insertion determines compression or distraction. 


V (victory) = 


Good Compression 


2 X (no good) 
A Distraction 


* * od 
RADIUS RULE 


Length of fragment and direction of fracture Axis of pin should be same directicn as axis of 
line determine angle of pin insertion. fracture line, intersecting to make a “V" instead 
of an "X", 


TIBIA 


In fracture (lower left), double pins required because 
“V" cannot be accomplished. 


* Rush, Leslie V.; Fracture Problems, Mississippi Doctor, Vol. 36, No. 10, March 1959. 
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. DS 
\ AVA 


LOWER FEMUR 


Double pins required. Introduce most effective pin first. 


UPPER FEMUR 


Dependent upon direction of fracture line, 
special type pin might be indicated. 





N 
° 


HUMERUS, BELOW DELTOID 


Requires precise handling for good healing. For fracture at right use large curved pin for 
compression. 





cas 2 of 
late pS \y 


~S 


TF 


ma | 
UPPER THIRD 


To avoid angulation, insert pin axially in short fragment. 


ware FOR INFORMATION 


ve Manufacturers of 4 THE BERIVON 4 


RUSH MEDULLARY PINS AND INSTRUMENTS 
iblishers cmpan y 


of 
“ATLAS oF RUSH PIN TECHNICS” 
by LESLIE V. RUSH, M. D. MERIDIAN, Miss. 
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This advertisement marks the 30th Anniversary of DePuy advertising 
in THe JourNnat of Bone anp Joint SURGERY, consistently bring- 


ing you new and improved products by the oldest firm in the industry. 


A PROSTHESIS 


Famous Moore Self-Locking Stem 
with Scuderi Detachable Head 


The new DePuy Hip Prosthesis gives Dr. Austin 
Moore’s self-locking type stem increased versatility by 
adding the detachable type head developed by Dr. 
Carlo Scuderi. Design of the stem is such that bony 
growth will occur in the openings, locking it firmly in 
place. Stem is available in large and medium sizes. 
Washers can be used to build up neck length, and four 
sizes of balls (femoral head) can be used _inter- 
changeably on any one stem. Fewer units must be kept 
on hand. Made of cobalt, chromium, molybdenum 
allov. Stems, No. 775-S; washers, No. 775-W; Balls 
(195, 154”, 1%”, 2”) No. 775-B. 


DEPUY MANUFACTURING CO., INC. 


WARSAW, INDIANA 
SINCE 1895—STANDARD OF QUALITY 
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In skeletal-muscle disabilities ... 
Curbs spasm, relieves rigidity, 


and relaxes psychic tension 


Of all muscle relaxants in current use, only mepro- 
bamate is supported by hundreds of published clin- 
ical studies that demonstrate relaxing action on both 
the brain and the skeletal musculature. EQUANIL 
reduces muscular spasm and tension, aids in the 
restoration of mobility, speeds rehabilitation, lessens 
the emotional overlay. 

Prescribe it in spasm or tension secondary to: sprains, strains, 
contractures, fibrositis, myositis, low-back syndrome, frozen 
shoulder, cervical-rib syndrome, herniated intervertebral disk, 
wryneck, rheumatoid arthritis, rheumatoid or traumatic spon- 
dylitis, certain neuromuscular disorders. 


Wyeth 
Meprobamate, 


. 
Wyeth  Philadeiphia 1, Pa 


™~ 
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The procedure of fragmentation, realignment, and fixation with an intra- 
medullary rod, employed at the Chieago Unit of Shriners’ Hospitals for the 
deformities of osteogenesis imperfecta, was exhibited in 1951, in Chicago, at 
the Annual Meeting of The American Academy of Orthopaedic Surgeons. A pa- 
per on the subject was given before The Academy one year later. The pro- 
cedure has found wide acceptance in the treatment of osteogenesis imperfecta 
and appears to have withstood the test of time. Modifications of the same pro- 
cedure have also been used in the treatment of congenital pseudarthrosis of the 
tibia and of other conditions where realignment and stabilization of long bones 
is desirable. It is our intent, in this paper, to evaluate the results of this pro- 
cedure after a reasonably long follow-up in a considerable number of cases of 
osteogenesis lnpertecta, and to report) our experience with the procedure in 
other diseases 

Since 1948 the operation of fragmentation, realignment, and stabilization 
with an intramedullary rod has been employed 117 times on the long bones 
of fifty-two children with the following conditions: osteogenesis imperfecta, 
congenital pseudarthrosis of the tibia, rachitie deformities, fibrous dysplasia 
f bone, and congenital shortening of the femur and tibia 


rECHNIQUI 

The surgical technique (Figs. 1-A through 1-I)) consists in subperiosteal 
exposure of the entire shaft of the bone, osteotomy through the proximal and 
distal metaphyses, and removal of the shaft from its bed. The bone is then 
studied to ascertain how many additional fragments need to be made in order 
to thread the pieces on a straight, round steel rod. If the bone is very crooked, 
it may be necessary to cut the shaft into three or four pieces; if the shaft is 
only moderately bowed, two pieces may suffice. An effort is made to keep the 
fragments to the smallest practical number. The fragments are then threaded 
on a rod appropriate in diameter to the size of the intramedullary canal (Fig. 


Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chi- 


cago, Illinois, January 25, 1959 
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1-B). No effort is made to replace the fragments in their original positions 
in relation to the other fragments. The pieces are threaded on the rods in 
the manner that seems to bring them into the straightest possible line. Some 
fragments may be turned end for end and others rotated 180 degrees around 
the long axis. Similarly, fragments originally in a proximal position in the 
shaft may be placed distally. When the shaft is realigned on the rod it re- 
sembles a shish kebab. The rods are provided with tapered ends to facili- 
tate passage through the medullary canal of the bone. If the rod is passed 
retrograde in the femur, or the ulna, or the humerus, one end is cut off to proper 
length and the projecting portion bent beyond a right angle to prevent the 
rod from backing out through the soft tissues. The rods commonly used are the 


Femur. Te chnique for realignment of fragments and retrograde inser- 
tion of the intramedullary rod. After insertion into the distal fi igment 
the proximal end of the rod is cut off and bent to form a hook to dis- 
ourage migration of the rod. 


standard stainless-steel pins ranging from five-sixty-fourths to one-quarter of 
an inch in diameter. It is not practical to stock rods that are graduated in 
length; therefore, rods of the maximum available length are obtained from the 
surgical supply house. At the operating table the rod is cut to proper length 
with a double-action bolt cutter. The projecting end of the rod is bent or 
curled by pliers. Should the size of the bone demand a larger rod, either the 
Rush or Kiintscher rod may be used. If the bone is very crooked, some of it 
may have to be discarded before being placed on the rod in a straight line 
because it may be too long to force into the gap between the metaphyses. 
When the straightened shaft is replaced, the distal end of the rod extends to 
the vicinity of the distal epiphyseal line, and the proximal end lies either in 
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Figs. 2-A through 2-D: ! >. Osteogenesis imperfecta: deformity and fracture of the left 
4 I 
femur 

Fig. 2-A: October 18, 1940. Healing fracture, as shown when the 


patient was four vears old. 


Fig. 2-B: October 20, 1948. Refracture, as shown when the patient was twelve years old. 


yn 











Fig. 2-D 
Fig 2-C: November 22, 1948, three weeks after realignment and insertion of an 
intramedullary rod. (The rod was too long, but was subsequently shortened.) 
Fig. 2-D: December 20, 1951, three years after operation, when the patient was 
fifteen vears old. The roentgenogram showed that the fracture had healed and 
that alignment had been maintained. 


the medullary canal close to the proximal epiphyseal line as in the case of the 
tibia or projects just above the proximal end of the bone as in the case of the 
femur, the ulna, and the humerus, where the rod is inserted in a retrograde manner. 
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Deformities of the tibia (Figs. 1-A and 1-B) were treated most frequently 
by this method. A slot, approximately one inch in length and the width of the 
rod, is made with a curette in the posterior cortex of the proximal metaphysis. 
The distal end of the rod is then manipulated over the lateral cortex of the 
proximal metaphysis, through the posterior slot, and into the medullary cav- 
ity of the proximal fragment. As the displacement of the rod tends to be ante- 
rior, it is secured in position by the intact anterior cortex. The fibula does 
not offer sufficient mechanical resistance to require attention. 


Humerus. Te hnique for realignment and insertion of the rod i i 
retrograde fashion 


In the femur (Fig. 1-C) the proximal end of the rod is driven retrograde 
up the medullary canal to emerge just medial to the greater trochanter and, 
then after the fragments of the shaft are threaded on the rod, the dista’ end 
is driven into the distal metaphysis (Figs. 2-A through 2-D). 

A deformity of the humerus (Fig. 3) is treated in a similar fashion. The 
rod is initially driven in a retrograde direction through the proximal metaph- 
ysis coming out at the lateral margin of the epiphysis. It is then gradually 
driven distally, and the fragments are threaded on to it until its distal end 
is seated in the distal metaphyseal fragment (Figs. 4-A, 4-B, and 4-C) 

Fixation of the ulna after fragmentation and realignment of the shaft is 
accomplished by the conventional method used in fractures: the rod is driven 
either retrograde or directly through the olecranon. It is usually necessary 
either to fracture manually or to osteotomize the radius when this is done, but 
the ulna and the radius are not fixed at the same operation. The radius rarely 
requires fixation 
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Fic. 4-A 
through 4-C: J.K. Osteogenesis imperfecta: humerus and ulna 
February 5, 1954. Deformity, as shown on preoperative roentgeno- 
when the patient was thirteen years old 


1-B 
rhe humerus two years 
eration 


The ulna one year and 


Onee the rod and attached fragments are in position, the periosteum 1s 
closed as much as possibli The remaining soft tissues are then sutured over 
the bone, and the extremity is immobilized in a plaster cast. Tourniquets are 
employed, if at all possible, but they can seldom be used in patients with 
severe osteogenesis imperfecta. Blood transfusions are given almost routinely 
auring surgery 


COMPLICATIONS 
Chis procedure With its extensive exposure and removal of practically the 
entire shaft of a long bone seems somewhat radical on first observation. It 
would ippear to offer ample opportunity for complications, but there have been 
surprisingly lew major complications. 
Two deaths occurred, one of which was not due to the surgical procedure 


per se; it was the result of a respiratory obstruction caused by aspiration. 
This patient had tolerated eight previous similar procedures without difficulty 
The second death occurred in a child suffering from osteogenesis imperfecta in 


whom hypotension developed three hours after fragmentation and fixation of 
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the tibia. The exact cause of the death is not known as permission for an 
autopsy was not granted. This patient had also undergone six previous opera- 
tions without difficulty. 

There were two serious infections. One was a primary infection due to 
Staphylococcus aureus. The wound eventually closed after an involucrum had 
developed of sufficient size to provide continuity of the bone and permit the 
removal of sequestrum. The other infection developed after the insertion of an 
autogenous-bone graft. Although there is still occasional drainage from this leg 
two years after operation, bone continuity has been established. 

Non-union did not occur, and no major vascular embarrassment developed 
in any of the patients. 

The only nerve injury was severance of the radial nerve in a patient, five 
and one-half years old, with osteogenesis imperfecta mid-way between the shoul- 
der and elbow. This injury can easily happen in view of the distorted anat- 
omy. Primary repair led to return of function of the extensors of the wrist in 
seven weeks, of the extensors of the fingers in eight weeks, of the extensors 
and abductor of the thumb in nine and one-half weeks, and complete sensory 
return in sixteen weeks. The reason for the unusually rapid return is not under- 
stood. Minor mechanical complications also occurred, which can be attributed 
to errors in judgment. 


ENTITIES TREATED 
Osteogenesis Imperfecta 

Th procedure was performed most often in cases of osteogenesis imper- 
fecta; there were eighty operations on twenty-two patients. The youngest pa- 
tient was six weeks old at the time of the initial surgery; the oldest was thir- 
teen years. The majority were between two and eight years of age at the time 
of initial operation. The surgeon cannot select a preferred age, since the need 
for surgery is dictated by the severity of the disease. Eleven patients had four 
or more, and two had eight major long bones treated by this procedure. Ini- 
tially, surgery was not performed until a fracture occurred. As experience was 
gained, it was considered justified to perform the procedure for marked deform- 
ity as an elective or prophylactic measure (Figs. 5-A through 6-E). 

Although the defonnities of the longitudinal configuration of these afflicted 
bones are easily visualized clinically and roentgenographieally, it is not until 
one has exposed a few of these bones at operation that the marked distortion 
of the cross-sectional anatomy of these bones is recognized. This distortion 
may frequently lead to difficulty when one attempts to pass a rod through the 
canal; occasionally, a fragment may be split longitudinally. This further frag- 
mentation was worrisome earlier in the work, but it was soon found that when 
it occurred the pieces needed only to be placed around the rod in a barrel- 
stave fashion. Solid bone union occurred in every instance with a medullary 
canal forming around the rod (Figs. 7-A and 7-B). 

In two patients in whom the tibiae were extremely thin, the entire shafts 
were replaced by homogenous-fibula grafts taken from relatives (Figs. 8-A 
through 8-G). It was of interest to note that in time the graft was completely 
replaced by imp rfect bone. Bone-bank or homogenous grafts are frequently 


employed, particularly in cases of osteogenesis imperfecta, when available au- 


togenous bone is of poor quality. 

From time to time the epiphyseal plate was invaded by the rod, but no 
disturbance in epiphyseal growth was noted in the patients followed to date 

With growth the bone extends beyond the rod almost invariably at the 
distal end. When this occurs the bone may either bend, causing the end of the 
rod to protrude through the anterior cortex, or the bone may fracture distal 
to the red (Figs. 9-A and 9-B). It is then necessary to introduce a longer rod, 
performing an osteotomy of the distal portion of the bone if it requires realign- 
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B.P. Osteogenesis imperfect € involvement 


11, 1945. Roentgenogram mac the patient was ! vears old 


il defo 
7. 1950. | 


es 








Fic. 5-C 
vovember 24, 1950. The right femur eight months after operation 
13 


vember 1956. Fracture of the left femut 
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Fic. 5-E 
Fig November 19, 1956. The left femur four days after operation 
Fig September 27, 1957. The left femur ten months after operation; the right femu 


seven vears alter Operation 


5-2 
5-F 


ment. The average time for overgrowth to oceur was two and one-haif years. 
The fact that overgrowth almost invariably is at the distal ends of the long 
bones raises some doubts concerning the accuracy OL present concepts of the 
percentage of bone growth of individual epiphyses. 

The ultimate control of all the problems of osteogenesis imperfecta will be 
found in the realm of bone physiology, but until adequate knowledge becomes 
available, it is felt that fragmentation, realignment, and intramedullary fixa- 
tion offer definite advantages over methods previously employed. These ad- 
vantages are: (1) the frequency of fractures is reduced and pain diminished; 
(2) deformities are corrected and frequently prevented before they occur; and 
(3) the child can use his limbs in a more normal fashion because they are less 


painful and more stable. 


Congenital Pseudarthrosis 

Perhaps the most interesting group of patients in this series, except those 
with osteogenesis imperfecta, are the five children with congenital pseudar- 
throsis. Although this is a small number of cases, the results have been encour- 
aging. 

Three patients, aged two, seven, and nine years, respectively, with typical 
congenital pseudarthrosis of the tibia were treated by fragmentation of the 
shaft and intramedullary fixation. All three obtained solid union and have 
maintained it for six, five, and four years, respectively, since their first opera- 
tions. The technique, which varied from that used in other conditiens (Fig. 10), 
was essentially the same in all three cases. Here the arrangement of the frag- 
ments does not permit the same random placement. The shaft of the tibia is 
cut through at both metaphyseal areas and, since it is ununited, can be re- 
moved from the extremity in two pieces. If the distal piece is short and atrophic, 
it is discarded; if it is of useful length and composed of solid bone, it is re- 
tained. The thin, pointed ends of both fragments at the area of pseudarthrosis 
are trimmed off and discarded. The upper Iragment with its base or large end 
at the osteotomy site just below the knee is reversed end for end and its base 
placed against the osteotomy site just above the ankle. The thick proximal! 
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6-A Fic. 6-B 
B.P. (Same patient as seen in Figs. 5-A through 5-F.) 
rative roentgenogram, made when the patient was six and 
t fracture of the right tibia 
ember 24, 1950. The right tibia one vear after plating operation. (Plates that are 
I of the bone are no longer used.) 








ig. 6-C Fic. 6-D Fic. 6-E 


ig. 6-C: August 12, 1955. Right tibia one day after operation. Fragmentation, realignment, 
ind fixation with an intramedullary rod were performed after the plate and screws were 
emoved 

Figs. 6-D and 6-F: September 27, 1957. The right tibia two years after operation. Note 
the angulation of the tibia proximal to the rod. (The left tibia was not fractured and re- 
mained relatively free of deformity.) 
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Fic. 7-A 
and 3: ELK. Osteogenesis imperfecta 
June 195 Preope 
he fragility of the cortices 
August 26, 1953. The hun u iftteen months afte 
on 


Fic. 7-B 
left humerus and ulna. 


itive roentgenogram made when the 


matient was eight 


Oe ition: i one 


portion of this fragment now spans the area of pseudarthrosis 


If the original 
lower fragment is fairly solid, it is placed above the transplanted upper frag- 


ment with its metaphyseal region against the upper end of the reversed large 
fragment. The point of the lower fragment that was originally in the pseudarth- 





Fic. 8-A Fic. 8-B 

Figs. 8-A through 8-C: E.K. Osteogenesis imperfecta: left and right tibiae 

Fig. 8-A: May 25, 1951. Preoperative roentgenogram made when the 
old. 


patient was eight years 
Fig. 8-B: June 25, 1952. The right tibia ten months after operation; the left tibia eight 
months after operation. 
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Fic. 8-C Fic. 8-F 
igs. 8-C and 8-D: September rhe left tibia two months after insertion of a new 


rod and re-enforcement o ne wit n autogenous iliae gr The distal end of the rod was 


bent into a hook in an attempt to prevent penetration through the cortex. Union occurred, but 


cortices remained thin 
R.] Mav 29 oY he leit tibia two mont ilte insertion of homogenous fibular 


da 


v rod 





Fig. 8-F: October ¢ [ t tibia ten months after operation 

Fig. 8-G: August 2 ‘he left tibia one and one-half vears after homogenous fibular 
grafting; the right tibia sever ul j the initial procedure of fragmentation, realignment, 
ind fixation wit! { 


rotic region Is now pushed Into the me taphyseal area below the knee. Fixation 
of these fragments Is accomplished by an intramedullary rod as described in 
the treatment of osteogenesis lmpertecta If the lower fragment has been dis- 
carded, a bone graft, usually from a bone bank, is placed just below the knee. 
In two instanees a piece of bone-bank fibula has been used successfully 


One patient was re-explored on two occasions because of questionable union 
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of the graft, but union was found to be present in each instance (Figs. 11-A 
through 11-E). Anterior angulation developed at the site of pseudarthrosis in 
another patient despite the rod, and re-exploration was performed two years 
after the original procedure. No lack of continuity could be demonstrated. How- 
ever, osteotomy was performed, a new rod was inserted, and autogenous iliae 


bone was added. Although sepsis due to Staphylococcus aureus with drainage 
appeared in the operative site, the bone again proceeded to solid union. The 
fourth and fifth patients of this group presented pseudarthroses of the radius 
and the fibula respectively. In both there was an associated neurofibromatosis. 
Union was obtained in both by the use of intramedullary rods and autogenous 


| i ee 


Fia. 9-A Fic. 9-B 

Figs. 9-A and 9-B: Osteogenesis imperfecta: complications caused by growth. 

Fig. 9-A: September 12, 1955. Roentgenogram of the right tibia, made two years after 
operation when the patient was fourteen years old. There is overgrowth with recurrence 
of bowing and penetration of the rod through the cortex. 

Fig. 9-B: March 10, 1954. The left femur two years after operation when the patient 
was thirteen vears old. There is refracture at the distal end of the rod 


grafts. It should be re-emphasized that the proper appraisal of this particular 
method awaits the collection of additional cases. The experience of Moore and 
Stelling, who used this technique according to our recommendations for con- 
genital pseudarthrosis of the tibia, suggests that union is not always obtained 
or maintained. Thus, time may counterbalance these initial successes with 
failures. 


Resistant Rickets 


Osteotomy for the correction of rachitie deformities of long bones has long 
been in vogue, but this usually has been restricted to one level of the involved 
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hic. 10 
Congenital pseudarthrosis. Technique for resection of pseudarthrosis, replacement of 
shaft fragment, placement of bone graft, and fixation with an intramedullary rod 


\ 


Fie. 11-B 


Figs. 11-A through 1: J.B. Congenital pseudarthrosis: right tibia 

Fig. 11-A May 21 54 Preoperative roentgenogram of the tibia made when the patient 
was six vears old demonst: iting anterior bowing but no pse udarthrosis 

Fig. 11-B: October 6, 1953. Pseudarthrosis occurred after osteotomy in August 1952 and 
persisted despite bone-grafting in June 1953. Both operations were performed prior to the pa- 
tient’s admission to this hospital 
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January 


11-C 
13, 1954 


t 6, 1954. Eight months 
bone at any given procedure. An intra- 
medullary rod 
W vereby n ultiple osteotomies can be 
at one procedure ind the 
maintained in alignment. 
This method possesses definite advan- 


supplies a means 
pe rformed 
Iragments 


tages because it gives a greater degree 
of correction. The procedure of pri- 
mary fragmentation and fixation with 
an intramedullary rod was performed 
times femora 

in six patients 


eleven times—nine on 
and tibiae 
suffering from so-called resistant rick- 
Unprotected weight-bearing was 
permitted in all three 
months after operation. The improve- 


twice on 
ets 


instances 


ment in appearance and in function 
in all these patients 
12-F). 


was considerab! 
(Figs. 12-A through 


Fibrous 


Deformities of a lesser degree are 


Dysplasia 


often seen in fibrous dysplasia of the 
long bone. In the femur there is usual- 
ly a severe varus deformity of the neck 
accompanied by bowing of the shaft 
of the femur. Osteotomy and insertion 
of special rods and nails were carried 
out in two patients (Figs. 13-A, 13-B, 


OF 


iltel! opel ition; 
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Fig. 11-D 


Two weeks after fragmentation, bone-grafting, and fixation with 


healing has occurred 


A igust 29, 1958 ] our vears and « ight months 
ifter operation Note the | of the de- 
fect in the fibula and the growth disturbance on 
the distal tibial e The medullary canal 


has formed aroui rod in the tibia 


versistence 


hvsis 


and 13-C). These rods were designed individually for each patient by first making 
a paper femur based on the roentgenographic appearance of the real femur. 
This pattern was then cut and the pieces arranged to produce the desired cor- 
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Fic. 12-A 
Fig. 12-A: C.M. Resistant mekets with deformities of both lower extremities. Pre- 
g bowing of femur when patient was twelve and a 


operative roentgenogram showin 


half vears old 
Fig. 12-B: October 22, 1956. Left femur two months after operation showing levels 


of osteotomies 


Fig. 12-C: September 5, 1958. Two vears after peration, Note reconstitution of 


Iragments 


rected position. The pattern was then used to determine the dimensions for the 
solid, stainless-steel rod, which was round in contour with the base or proxi- 
mal end of an increased diameter. A threaded channel was bored through this 
base at such an angle that the small, solid nail which was to project into the 
femoral neck and head would traverse thi intramedullary rod. At surgery the 
intramedullary rod was introduced into the proximal end of the femur in a 
retrograde fashion after a wedge of bone had been removed from the lateral 
cortex and an osteotomy performed at the level of the lesser trochanter. After 
the intramedullary nail was in place, the small nail was then driven into the 
femoral head through the channel in the rod which was visible at the junction 
of the tragments where the portion ol the lateral cortex had been removed. 


The procedure Is nol an easy one; it is suggested that one should not select 


this type of case to do early in his experience 


Conge nital Shortening of Bones 

The postoperative follow-up of the cases of osteogenesis imperfecta sug- 
gested that stimulation of longitudinal bone growth had occurred. This observa- 
tion suggested that when the diaphyseal blood supply is interrupted by the 
rod, the metaphy seal blood supply may be increased as a compensatory nech- 
anism promoting epiphyseal growth activity, as has been postulated by Trueta. 
If this is true, it was reasoned that an inereused rate of growth might be an- 
ticipated after the fragmentation procedure. Based on this premise, attempts 
at stimulation of bone growth were made in nine patients with congenital ab- 
sence of the fibula and associated shortening of the tibia, and in four patients 
with congenital shortening of the femur. 


THE JOURNAL OF BONE AND JOINT SURGERY 





INTRAMEDULLARY FIXATION OF DEFORMITIES OF LONG BONES 











Fig. 12-D: September 5, 1958. Two years after operation. 
Fig. 12-k: October 22, 1956. Left tibia three weeks after operation showing osteotomy 


sites 














Fira. 12-F 


tember 5, 1959. Two vears after operation showing reconstitution of the tibiae 


In infants with congenital absence of the fibula in whom leg-length dis- 
crepancy is not greater than two inches and in whom the distal tibial epiphysis 
appears to be present, enough stimulation of epiphyseal growth seems to occur 
to justify the procedure (Figs. 14-A, 14-B, and 14-C). One patient had a leg- 
length discrepancy of three-quarters of an inch that has remained the same 
from his fourth to ninth year; perhaps an amputation has been avoided in 
this instance. Two patients in whom the discrepancy was less than two inches 
have shown a diminution in the inequality of their leg lengths over a two-year 


period. Three patients in whom the discrepancy was greater than three inches 
have failed to gain enough length to avoid having amputation performed. Suf- 
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Fic. 13-A 
Figs. 13-A through 13-C: B.R. Fibrous dysplasia: deformity of the right femur 
Fig. 13-A: September 24, 1952. Preoperative roentgenogram made when the 
patient was six vears old 


Fic. 13-B Fic. 13-C 
Fig. 13-B: December 8, 1952. Two and one-half months after subtrochanteric osteotomy and 
fixation with a nail and an individually designed rod. The round nail is threaded near its head 
ind screwed into the hole through the proximal end of the rod 
Fig. 13-C: September 21, 1956. Four years after operation. 
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Fic. 14-A Fic. 14-B 


14-A through 14-C: S.C. Congenital 
of the fibula with shortening and 





bowing of the tibia 


Fig. 14-A: October 16, 1953. Preoperative 
ventgenogram made when the patient was 
three vears old; the difference in leg length 
s 26 centimeters 

Fig. 14-B: October 18, 1954. Two days 
ifter operation 

Fig. 14-C August 25, 1958. Three vears 
ind ten months after operation; the differ- 


ence in leg length is 2.1 centime 


ters 


ficient time has not elapsed to evalu- 
ate the remaining three patients 
The results obtained after osteot- 
omy of the long bones to stimulate 
longitudinal bone growth have been 
even more encouraging in cases of con- 
genital femoral shortening and have 
shown significant stimulation of longi- 
tudinal bone growth after osteotomy. 
At the time of writing, it appears that 
osteotomy performed in the shaft ad- 
jacent to both upper and lower femoral 
epiphyses produces stimulation of 
longitudinal bone growth. This stimu- 
lation lasts for at least nine to twelve 
months, and, in some instances, even longer In those patients mm whom r pe ated 
fragmentation has been performed at’ nine-to-twelve-month intervals additional 
stimulation has been effeeted 
The first patient (Figs. 15-A through 15-D) we saw had approximately a 
two-inch discrepancy in leg length when he was four months old. Three frag- 
mentations of the femur were carried out at intervals; the child now, at th 
age of four years, shows only one and one-half inches of shortening. A second 


patient’s discrepancy was one-half of an inch when the child was twenty 
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Fic. 15-A Fia. 15-B 
Figs. 15-A through 15-D: J.F. Congenital shortening of the femur 
Fig. 15-A: November 19, 1954. Preoperative roentgenogram made when the patient 
was two weeks old; the difference in leg length is two inches 
Fig. 15-B: November 21, 1955. Two weeks after first fragmentation procedure. 











Fic. 15-C Fie. 15-D 
Fig. 15-C: September 27, 1958. One day after the third fragmentation pro- 
edure. (The second procedure was done on November 8, 1957.) 
Fig. 15-D: January 14, 1959. Roentgenogram made when the patient was four 
years and two months old; the difference in leg length is one and one-half inches. 


months old; two years later, after one operation, the discrepancy was seven- 
eighths of an inch. The third patient, whose leg-length discrepancy was two 
inches when he was one year old, now, at the age of six years, has a discrepancy 
of three inches, after having undergone four operative procedures. The fourth 
child, who, at three months of age, had a leg-length diserepancy of one and 
one-half inches now, at the age of two years, has a discrepancy of two inches, 
having undergone two operations. If it is possible to maintain three inches or 
less of leg-length discrepancy as growth continues, an epiphyseodesis on the long 
leg at the appropriate time may result in approximately equal leg length, and 
amputation, which in all previous Instances Was inevitable, may not be nee- 


essary. 
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SUMMARY 


Fragmentation, realignment, and internal fixation with an intramedullary 
rod have been used in the treatment of osteogenesis imperfecta, congenital 
pseudarthrosis of the tibia, resistant rickets, fibrous dysplasia, and congenital 
shortening of the long bones. The method has shown some promise. 

The use of this technique to stimulate bone growth is still in the experi- 
mental stage. Although improved techniques for growth stimulation will prob- 
ably replace this one, at the present time it appears that some amputations 
may be avoided by this procedure, pending the development of better methods. 

The few patients with congenital pseudarthrosis whom we have treated 
by this method have responded favorably. The procedure may have something 
to offer, but too few patients have been treated to permit a true evaluation. 

The use of intramedullary support in cases of osteogenesis imperfecta does 
not solve the basic error in bone pathology, yet it offers the most promising 
aid in management in the light of our present experience. The patients with 
severe cases are made more comfortable and are more easily handled from a 
nursing standpoint Some children who would never have been able to walk 
are now ambulatory. This operation with fixation removes the fear of further 
refracture with its resultant deformities, and allows the patients to approach, 
more nearly, the normal activities of growing children. 

In the field of orthopaedic surgery it seems probable that there are lefinite 
conditions in which the operation of fragmentation, realignment, and intra- 
medullary fixation of long bones offers advantages that cannot be obtained 
by other presently known methods. If performed thoughtfully and carefully, 
the results should be quite rewarding. 
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DISCUSSION 


Dr. Wittram M. Roserts, Gastonia, NortH Carouina: I was associated with Hal Sofield 
on the American Board of Orthopaedic Surgery when he first began to use the procedure 
just described. When I returned to Gastonia I too began using it, particularly in cases of 
osteogenesis imp rfecta Because mv experience with the procedure has been confined to this 
disease, I was particularly intrigued to hear that its use has been extended to congenital 
pseudarthrosis and the other conditions discussed. I am sure all of us will be stimulated to 
use this procedure in these other conditions and, particularly, in congenital pseudarthrosis of 
the tibia 

The majority of the procedures performed at the North Carolina Orthopaedic Hospital 
were done by my associate, George Miller, and the resident staff. Twenty-six patients with 
osteogenesis imperfecta have been treated at the North Carolina Orthopaedic Hospital since 
1951. Seven patients underwent multiple osteotomies and intramedullary rod fixation; a total 
of seventy-cight operations were performed (these, of course, included rerodding as the children 


grew). Twenty-nine procedures were performed on the tibia, thirty-one on the femur, and one 
on the radius. The age of the patient at the time of the first surgery varied from five to four- 


teen vears. There were no cases of non-union or of postoperative infection. There were two 
eases of superficial infection, where the pin protruded through the anterior cortex and skin of 
the tibia. These infections cleared up quickly with antibiotics and rerodding was done without 
ill effects. We then lost these children to follow-up and have not been able to rerod them as 
they continue to grow. All of the patients operated on are now walking with braces. All of the 
cl ldre n had blood transtusions at surgery ind most of the operations on the lowe! extremity 
were done with t uirniquet control. There were no deaths 

T want to thank the authors for their help in solving a problem that has long been a 
headache to orthopaedists who treat children. They brought us a good procedure which at 
first hand seemed radical; long experience and follow-up, however, have proved it to be safe, 
with few complications, most of which can be avoided if the principles laid down in this paper 

followed carefully 
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Hemophilia has been recognized for centuries as a hazardous disease. A 
lisastrous and even fatal outcome may follow accidental or surgical trauma to 
its victims. Fractures of any magnitude are especially ominous; and surgical 
procedures are carried out intentionally on hemophiliacs only on rare occasions. 

There is lack of agreement as to the best course to follow in the manage- 
ment of surgical problems in the hemophiliac. Some writers state that surgical 
treatment is contra-indicated under all circumstances. Others advise against such 
treatment unless it is clearly evident that death will ensue if it is not under- 
tuken °. Reeent reports in the literature, however, attest to the fact that with 
proper management the hemophilie patient can withstand considerable trauma 
and even extensive surgical procedures. Suecessful mid-thigh amputations were 
reported by Crandon and associates and by Schuster. Walker and Desmond 
performed gastrectomy in hemophilie patients with good ultimate results. Thus, 
t would appear that as a result of the awakened interest in this disease and 
the availability of inereasingly precise laboratory assays of coagulation fac- 
tors, a decrease in timidity in managing the surgical problems of these patients 
as taken place. But it is generally agreed among all those concerned with 
the management of these problems that the conservative course of treatment 
must be followed whenever possible. 

Whereas changes that occur in the joints as a result of repeated hemar- 
throsis are common in persons affeeted with hemophilia, changes in bones are 
rare. The pathological changes in bones are due to the pressure and erosion ef- 
feet of local hemorrhages. Intra-osseous cavities may result, and these may 
occasionally develop into large expanding lesions with much bone destruction 
The latter have been called hemophilie pseudotumors by some writers. Ghorm- 
ley and Clegg, in 1948, reviewed the literature on hemophilic pseudotumors and 
r ported six additional cases. In three of their reported cases, the pseudotumot 
occurred in the femur and was complicated by pathelogical fracture. 

The occurrence of fractures, either pathological or non-pathological, in the 
hemophiliec patient has been referred to in the literature. However, in a review 
of the literature, no deseription of the management and course of a specific 
severe fracture eould be found. It is our purpose to report a case in which a 
fracture of the femur in a child with hemophilia was managed successfully 
by conservative means and to summarize the treatment of traumatie problems in 


the hemophiiie patient 


REPORT OF CASI 


An eight-vear-old white boy was admitted to the hospital orthopaedic service on Sep- 
tember 3, 1953, two hours after he had fallen off a bicycle. He had pain and swelling of the 
right thigh. He had been found to have hemophilia when he was eight months old. There 


was no family history of a bleeding tendency. On his first visit to the Mayo Clinic, on July 7, 


The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota 
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_— 


Fia. 1 
Anteroposterior and lateral roentgenograms of right femur 
Eight weeks after injury. 





Fic 

Six months Two and on 
1948, when he was three years old, he had been treated for an infection of the upper respiratory 
yphilia had been affirmed. From infancy until the present 


massages, and the diagnosis of heme 
uired multiple blood transfusions 


hemorrhagic episodes, had requ 


idmission, he had had mam 
treatment of conditions related to his 


ind had | in the hospital on numerous occasions for 


mildty chose and wall develonod: ter. Tis: temoentik 
the respiratory rate 20 per minut 
There were 


Physical examination revealed a 
was 99 degrees Fahrenheit, the pulse rate 90 per minute, 
100 systolic, 64 diastolic. He was in considerable pain 
er the ght upper anterior part of the thigh 
in the distal part of the limb. Roentgenograms 
femur (Fig. 1) 


eight pounds of skin traction 


ind the blood pressure 
moderate swelling and marked tenderness o 


There was no evidence of impaired circulation | 
revealed a comminuted fracture in the upper third of the righ 


4 Thomas splint was applied to the right lower extremity 


was applied to the leg, and the extremity was wrapped fron 
elastic bandage. Ice bags were placed about the right thigh, and a transfusion of fresh whole 
blood was started. Manipulative reduction of the fracture was not attempted, despite the 


the toes to the groin with an 
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relatively poor position of the fragments, because of the danger of increasing local hemorrhage 

Hemorrhage was controlled initially but repeated hemorrhagic episodes occurred during 
the patient’s hospital stay which were characterized by sudden increases in the size of the 
thigh and a fall in hemoglobin. These were controlled by repeated small transfusions, as will 
be cle scribed 

Traction was maintamed until November 5 (for approximately eight weeks), and the 
Thomas splint was removed five days later. At that time, roentgenograms showed persistent 
overlapping of the fragments, but considerable bone-callus formation (Fig. 2). The patient 
was dismissed from the hospital on November 21; he was using crutches. 

He was admitted to the hospital again on December 29 for treatment of hemarthroses 
involving his right wrist and left ankle, which had resulted from a fall from his crutches 
ind injury to these sites. He had no symptoms referable to his right thigh at that time; 
roentgenograms showed the fragments to be in the same position as previously with addi- 
tional callus formation 

On March 30, 1954 pproximately six months after fracture), a roentgenogram revealed 
firm bone union in a circular fashion about the site of fracture (Fig. 3). The patient was walk- 
ing with a slight limp and had half an inch of shortening of the right lower extremity. A 
roentgenogram made two and half vears after fracture (Fig. 4) showed firm bone union 
and minimum deformity. Clinical examination of the lower extremity gave negative results 
it that time. Irecuent subseque nt ¢xuminations have been made. Hemarthroses have oecurred 
in many joints since the time of fracture, but the fractured femur gives ne concern to the 
patient or to the orthopaedist, for there is normal function and appearance of the extremity 
The management of hemophilia in general and in this patient in particular is described in the 


following paragraphs 


DIAGNOSIS OF CLASSIC HEMOPHILIA 


A complete re-evaluation of the boy’s hemophilie defect was undertaken 
when he was admitted with his fracture, since two variants of classie (anti- 
hemophilie globulin deficiency) hemophilia had been established since our ear- 
lier studies, one due to plasma thromboplastin component deficiency, the other 
to plasma thromboplastin antecedent deficiency. The plasma thromboplastin 
component! (or Christmas factor*) is charaeterized by its ability to withstand 
storage, to survive clotting and hence be present in serum, and te be adsorbed 
by chemicals such as barium sulphate and tricaleium phosphate. Antihemophilic 
globulin differs from plasma thromboplastin component in all three of the char- 
acteristics just mentioned. Plasma thromboplastin antecedent | has certain of 


the properties of antihemophilic globulin (non-adsorption by barium sulphate 


or tricalcium phosphate), as well as of plasma thromboplastin component (pres- 
ent in serum). The three hemophilias can be differentiated by coagulation tests 
based on the distinctive qualities of these factors or by cross checking with 
blood from patients known to have each of the three defects !*. Since no pa- 
tients were immediately available with these deficiencies, the former method 
was used in this case. 

The coagulation time of whole blood of the patient was approximately one 
hour (normal, six to eight minutes) on this and many other occasions; the 
comparable clotting time of his plasma, tested at 37 degrees centigrade, was 
usually more than ten minutes (normal, less than two minutes). Since his 
prothrombin time was consistently normal, the evidence was strongly suggestive 
of a defect in the first step of clotting: platelet phospholipid plus antihemophilic 
globulin plus plasma thromboplastin component plus plasma thromboplastin an- 
tecedent yielding plasma thromboplastin. Were a defect to occur at any sub- 
sequent stage of clotting (cothromboplastie activation of the plasma thrombo- 
plastin, conversion of prothrombin to thrombin, and thrombie conversion of 
fibrinogen to fibrin), the prothrombin time would have been affected. Since the 
platelets were normal quantitatively, it was inferred that this child suffered 
from one of the three hemophilias '*. This was confirmed directly. 


Plasma Clotting Time ** 
The patient’s oxalated plasma clotted in about 600 seconds, or longer, upon 
recalcification, when measured at body temperature. The addition of one vol- 
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ume of normal plasma to nine volumes of patient’s plasma shortened the clot- 
ting time to 140 seconds. Comparable shortening was achieved by the addition 
of tricalcium phosphate-adsorbed, fresh, normal plasma (freed of plasma throm- 
boplastin component by the adsorption) but there was no correction when 
aged, normal plasma was added (lacking antihemophilic globulin, but with both 
asma thromboplastin component and plasma thromboplastin antecedent pres- 
ent). By a procedure as simple as the plasma clotting time, the diagnosis of 
classic (antihemophilic globulin lack) hemophilia was made. 

Prothrar Sin Consumption 1s 


7 


I, me serum of normal blood is aged one hour at 37 degrees centigrade, 
only slight coagulation activity remains. This may be demonstrated by deter- 
mining the prothrombin time on one-hour-old serum, after the necessary addi- 
tion of fibrinogen to the serum. Normal values are twenty seconds or more 
while clearly abnormal are values of fourteen seconds or less (that is, exces- 
sive coagulation activity persists in the serum). This patient’s prothrombin- 
consumption clotting times were low. Over the years they have varied from 
eight to eleven seconds. More sensitive than the plasma clotting time, this test 
introduces a quantitative note and indicates that this boy’s hemophilia was 
severe 
Thr »mboplastin-Ge neration Test * 

An artificial clotting system, complete but for prothrombin, can progress 


only through the first two steps of clotting (generation of plasma thromboplas- 
tin and its cothromboplastie activation); it is, therefore, possible to measure 


thromboplastin generation as an isolated phenomenon. The test for this consists 


in mixing serum and barium sulphate-adsorbed plasma; all the known clotting 
factors except platelets and prothrombin are present in this mixture. After add- 
ing a suspension of platelets, prothrombin alone is wanting. The amount of 
thromboplastin generated is measured at intervals by introducing plasma (con- 
taining prothrombin and fibrinogen) to the clotting system; the resulting clot- 
ting time reflects the amount of thromboplastin generated, and the speed of the 
reaction is a measure of the rate of generation. 

Although the thromboplastin-generation test was not available at the time 
of this patient’s accident, it has been performed on his blood a number of times 
since. As we perform the test*, a normal vield of thromboplastin is indicated 
by a clotting time of eight to ten seconds reached in a period of nine to eleven 
minutes. When the patient’s serum and his plasma yield only a very limited 
amount of thromboplastin (clotting time of twenty-five to thirty seconds) and 
at a slow rate (peak in about twenty minutes) and the patient’s serum and 
normal plasma vield thromboplastin in a normal manner, plasma thromboplas- 
tin component and plasma thromboplastin antecedent deficiencies are excluded 
since both are characterized by abnormal generation with serum, Our patient’s 
plasma, both with normal serum and with his own serum, produced equally 
abnormal generation of thromboplastin. This test constitutes the most precise 
method known today for the identification of elassie hemophilia of the anti- 
hemophilie globulin-deficieney type 


TREATMENT OF CLASSIC HEMOPHILIA 
The modern treatment of classic hemophilia * depends on three principles: 
1. The concentration of antihemophilie globulin in the plasma of the severe 
hemophiliae is less than 1 per cent of normal; 
2. Antihemophilic globulin is so labile that it survives less than twenty- 
four hours in the circulating blood of the hemophilie patient; 
3. Even with the most careful of blood-bank collecting techniques, anti 


VOL. 41-A, NO. 8, DECEMBER 1959 





1396 M. B. COVENTRY, C. A. OWEN, JR., T. R. MURPHY, AND S. D. MILLS 


hemophilie globulin disappears fairly rapidly from citrated bank blood (50 per 
cent in four to seven days in our experience). 

It is apparent, therefore, that the transfusion of one pint cf blood (con- 
taining about 250 milliliters of plasma) could raise the concentration of anti- 
hemophiliec globulin in our patient to only about 20 per cent of normal, assum- 
ing that his plasma volume was approximately 1,200 milliliters. During the sue- 
ceeding twenty-four hours, this concentration will have fallen to about its 
pretransfusion level. The peak of concentration of 20 per cent is attainable only 
if the donor blood at the time of transfusion has a completely normal concen- 
tration of antihemophilic globulin. 

The minimum concentration of antihemophilic globulin required to prevent 
bleeding is not clearly established, but probably lies between 5 and 20 per 
cent of normal *'8. Our personal observations indicate that the lower value is 
sufficient to halt the bleeding associated with minor trauma, but a level as 
high as 10 per cent of normal may be insufficient to control intraperitoneal 
hemorrhage or the bleeding accompanying a surgical procedure. 

On the basis of these principles, blood not more than forty-eight hours 
old (usually less than twenty-four hours) was administered to this patient. 
Because of the rapid deeay of antihemophilic globulin in vivo, volumes of one- 
quarter to one-half pint were given several times during each day rather than 
an entire pint at one time, except initially. This practice of frequent small trans- 
fusions is based on the clinical observation that hemorrhage is better con- 
trolled, and on the theoretical ground that an antihemophilic globulin titer main- 
tained at 5 to 10 per cent of normal is more satisfactory than a titer fluctuating 
between 0 and 20 per cent 

Despite this therapy, this patient continued to have episodes of further 
hemorrhage which were manifested by sudden increases in the size of the tu- 
mor of the thigh and by decreases in the concentration of hemoglobin in the 
blood. Increased volumes of transfused blood were used in these instances; this, 
together with immobility of the extremity, seemed to control the bleeding rea- 
sonably well. 


COMMENT 


The diagnosis of hemophilia of the classic type (lack of antihemophilic 
globulin) was established in this patient by the finding of a deficiency of a 
labile, non-adsorbable substance affeeting the initial step of blood coagulation 
The degree of severity was maximum as estimated from the results of the pro- 
thrombin-consumption and thromboplastin-generation tests which, according to 


srinkhouse and associates, signifies a concentration of antihemophilic globulin of 
less than 1 per cent of normal. 

The control of bleeding was effected in part by the administration of the 
freshest available whole blood preserved in citrate-dextrose anticoagulant and 
in part by immobilization, compression, and elevation of the limb. An attempt 
was made to maintain the level of antihemophilic globulin above 5 per cent 
of the concentration found in normal persons. The concentration was estimated 
from the blood volume of the boy and the volume of transiused blood, cor- 
rected for the known rapid decay of antihemophilic globulin in the circulation. 
About half is destroyed in six hours, and three-fourths in twelve hours. 

Laboratory control of the coagulation status of hemophiliacs is none too 
satisfactory. Elaborate titrations of antihemophilic globulin are difficult and 
too time-consuming to be practical. Performance of the thromboplastin-genera- 
tion test also requires too long a time to furnish any immediate practical re- 
sults. The simpler prothrombin-consumption test cannot yield an answer in less 
than about one and a half to two hours. One is forced, therefore, to use whole 
blood or plasma coagulation times, inaccurate as they may be, if up-to-the- 
minute knowledge of the degree of abnormality is required. 
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The question may be raised with good reason as to whether frequent co- 
agulation tests are actually required in the treatment of these patients. The 
greater our experience, the fewer tests we carry out. Since one can estimate 
reasonably well the amount of antihemophilic globulin present in the patient 
at any time from the volume and age of the blood or plasma given, it is not, 
as a rule, too difficult to keep the level of antihemophilic globulin at about 5 
per cent of normal. At this level, little bleeding usually occurs. Only when a 
severe infection is present do the calculations become misleading; presumably, 
the antihemophilic globulin is degraded at an accelerated pace. 

Our program of therapy in this patient, and in other hemophiliacs under- 
going surgical treatment, is: (1) a priming dose (500 to 1,000 milliliters) of 
blood immediately preoperatively, or immediately after an injury; and (2) 
transfusion of small amounts of fresh blood (100 to 250 milliliters), or of 
fresh plasma (50 to 100 milliliters) if the concentration of hemoglobin is high, 
two to four times daily until there is no further clinical evidence of bleeding, 
then once daily for several days until convalescence is established. With such 
a regimen, Mayo Clinic patients with one or another of the three types of 
hemophilia have been subjected to gastrectomy, nephrectomy, transurethral re- 
section, and removal of a ruptured intervertebral disc, as well as other, lesser 
procedures, without a fatality in the past six years. 

The control of hemophilie bleeding would be simplified immeasurably if 
concentrates of active antihemophilic globulin were available. Experimental 
work !! with such preparations of bovine origin is being conducted, but it is 
too early to evaluate the results. Commercial preparations of lyophilized, very 
fresh plasma are available and are stable more or less indefinitely. Fresh 
plasma, frozen promptly and administered as soon as thawed, is also effective 
occasional batches of such plasma have shown disappointing concentrations ot 
antihemophilic globulin, suggesting some deterioration before freezing, after 
thawing, or perhaps during the storage period. 

Probably, the single most important item in the treatment of a hemophiliac 
is prompt identification of the nature of the defect as well as some quantitative 
measure of the degree of abnormality. The administration of two-week-old 
banked blood is almost useless if the patient lacks antihemophilic globulin, but 
is entirely satisfactory if he lacks plasma thromboplastin component. 

Although this child’s disability was complicated by classic hemophilia, it 
was fundamentally an orthopaedic problem. It is well known that fractures 
of the shafts of long bones adapt well to variations in length and alignment 
at. this age (eight years). The satisfactory morphological and functional result 
in this patient’s limb is further proof of this. Manipulation at the time of 
fracture was contra-indicated because of the possibility of increasing the hem- 
orrhage. 

In the management of a hemorrhagic episode incident to trauma in a hemo- 
philic patient, the type of trauma and consequently the location and severity 
of the hemorrhage are factors to be considered. Internal abdominal bleeding is 
much more difficult to diagnose from the standpoint of exact site of bleeding 
and the standpoint of control than is hemorrhage into a limb®. The measures 
employed in the management of hemorrhage into a limb are: (1) immobiliza- 
tion with the joints in a position of function, (2) application of pressure to 
and elevation of the limb, and (3) provision of comfort for the patient by 
local application of ice and by sedation and administration of analgesics. Bleeding 
into muscles or deep tissues may have grave consequences, causing pressure on 
nerves and vessels, and permanent contractures of muscles. Paralysis or even 
gangrene may ensue'®. This bleeding should be prevented or controlled as far 
as is possible by the means just mentioned. Bleeding from open wounds can 
be controlled by pressure over the site of bleeding, the application of topical 


coagulants such as Russell viper venom, topical thrombin, and absorbable gela- 
tin sponge (gelfoam), and the ligation of larger bleeding vessels. 


VOL. 41-A, NO. 8, DECEMBER 1959 





1398 M. B. COVENTRY, C. A. OWEN, JR., T. R. MURPHY, AND S. D. MILLS 


REFERENCES 
AGGELER, P. M.; Wuire, 8. G.; GLENDENING, M. B.; Pace, E. W.; Leake, T. B.: and Bates. 
Georce: Plasma Thromboplastin Component (PTC) Deficiency. A New Disease Re- 
sembling Hemophilia. Proc. Soc. Exper. Biol. and Med., 79: 692-694, 1952 
Biecs, Rosemary, and Dovcias, A. 8.: The Thromboplastin Generation Test. J. Clin 
Pathol., 6: 23-29, 1953 
Bices, Rosemary; Doucias, A. S.; Macrartane, &. G.; Daciz, J. V.; Pirney, W. R.: 
Merskey, C.; and O’Brien, J. R.: Christmas Disease. A Condition Previously Mistaken 
for Haemophilia. British Med. J., 2: 1378-1382, 1952 
Brin KHous, K. M.; Lanapeuy, R. D.; Penick, G. D.; Granam, J. B.; and WacGner, R. H.: 
Newer Approaches to the Study of Hemophilia and Hemophilioid States. J. Am. Med 
Assn., 154: 481-486, 1954. 
Crappock, C. G., Jr.; Fennincer, L. D.; and Simmons, B.: Hemophilia; Problem of 
Surgical Intervention for Accompanying Diseases. Review of Literature and Report of 
Case. Ann. Surg., 128: 888-903, 1948. 
Cranpon, J. H.; Sraupincer, L., Jr.; and Frmepman, E.: Mid-thigh Amputation in a 
Patient with Hemophilia. New England J. Med., 249: 657-659, 1953 


. Desmonp, A. M.: Haemophilia; Gastric Ulcer; Haematemesis; Emergency Gastrectomy, 


Proc Roy Sor Med., 48: 523-527, 1955 

Duckenrt, F.; Fitckicer, P.; IseNscumip, H.; Marrer, M.; Vocet-MenG, J.; and Koiier 
A Modification of the Thromboplastin Generation Test. Réle of Caleium, Factor \ 

and Factor VU in Prothrombin Conversion Initiated by Active Blood Thromboplastin 

Acta Haemat., 12: 197-202, 1954 

GuHorMLEY, R. K., and Ciecc, R.S8.: Bone and Joint Changes in Hemophilia. With Report 

of Cases of So-called Hen op! ilic Pseudotumor. J. Bone and Joint Surg., 30-A: 589-600, 

July 1948 

Macrar.ane, R. G., and Biccs, Rosemary: The Diagnosis and Treatment of Haemophilia 

and Its Related Conditions. Med. Res. Council, Memoranda, 32: 1-23, 1955 


. Macrartane, R. G.; Biccs, Rosemary; and Bipwe i, E.: Bovine Antihaemophilic Globulin 


in the Treatment of Haemophilia. Lancet, 1: 1316-1319, 1954 

Owen, C. A., Jr.; Mann, F. D.; Hurnx, M. M.; and Stickney, J. M.: Evaluation of Dis- 
orders of Blood Coagulation in the Clini il Laboratory Am J Clin Pathol., 25: 1417- 
1426, 1955 

Quick, A. J nd Favre-Gitty, J.: Prothrombin Consumption Test. Its Clinical and 
Theoretic Implications. Blood, 4: 1281-1289, 1949 

Rosentuat, R. L.; Dreskin, O. H.; and RosenrHat, NatHan: New Hemophilia-lik 
Disease Caused by Deficiency of a Third Plasma Thromboplastin Factor. Proce. Soc. Exper 
Biol. and Med., 82: 171-174, 1953 

Scuuster, J. L.: Mid-thigh Amputation in « Hemophiliac. J. Bone and Joint Surg., 36-A: 
144-145, Jan. 1954 

Wavker, W.: Peptic Ulcer in a Haemophiliac Treated by Gastrectomy. Lancet, 1: 749-751 


1955 


7. Westun, W. F., Jr.; Mitzs, 8. D.; and Owen, C. A., Jr.: Current Status of the Hemophilia 


Problem. Minnesota Med., 41: 705-710, 1958 
Woman, I. J.: Management of Hemophilia. Quart. Rev. Pediat., 11: 183-195, 1956 


THE JOURNAL OF BONE AND JOINT SURGERY 





A Ten-Year Analysis of Intertrochanteric 


Fractures of the Femur 


BY MATHER CLEVELAND, M.D., DAVID M. BOSWORTH, M.D., FREDERICK R. THOMPSON, 
M.D., HUDSON J. WILSON, JR., M.D., AND TADAO ISHIZUKA, M.D., NEW YORK, N.Y. 


From the Orthopaedic Service. St Luke’s Hos} ital, New York 


In January 1947, at The American Academy of Orthopaedic Surgeons, a 
paper was read discussing 133 consecutive trochanteric fractures of the femur 
treated at St. Luke’s Hospital. This paper is a continuation study of such frae- 
tures during the ten-year interval which followed, from January 1947 to Jan- 
uary 1957. 

In this survey are included 239 consecutive trochanteric fractures of the 
femur. The 80 per cent increase in the number of these fractures treated with 
internal fixation indicates acceptance by the general staff of the fact that these 
severe injuries are best managed by Jewett-nail fixation. 

When the 1947 report was written, internal fixation of these fractures was 
just becoming popular. A third of the fractures reported in the first series were 
treated by traction. There were only five patients treated electively by traction 
in the present series and one treated by cast. Despite a considerable increase 
in the number of these injuries treated, the number treated by traction has 
dropped. Of the patients in this series, 97.5 per cent were treated by internal 
fixation. 

AGE AND SEX 

Trochanteric fractures occur most frequently in elderly women, at an age 
when osteoporosis is common and other pathological conditions are well estab- 
lished. The average age in this series was seventy-five years—the youngest was 
twenty-three years and the oldest 101. Females predominated (88.7 per cent) as 
compared with males (11.38 per cent). This figure emphasizes the fact that the 
bone structure and configuration of elderly women tend to be less resistant to 
trauma than the bone structure and configuration of men of the same age 


RACE 

In the previous paper, it was noted that no Negro patient was admitted 
with a trochanteric fracture. In the present series, three Negro patients were 
treated for trochanteric fracture, an incidence of 1.2 per cent. 

We feel this low incidence is not due to either a racial tendency to a stronger 
skeletal frame, or to a delay in the onset of senile osteoporotic changes in the 
Negro, but is due to the fact that St. Luke’s Hospital has no ambulance service 
and most such patients go to a nearby city hospital 


LOCATION OF THE FRACTURE 
In the previous decade there was a preponderance of fractures on the left, 
the ratio being two to one. In the present series, the relationship was more nearly 
equal, with 44 per cent of the fractures being on the right and 56 per cent on the 
left. 
For purposes of classification these fractures have been grouped into three 
types?. The commonest were the pertrochanteric fractures, 60.3 per cent The 


*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons 


Chicago, Illinois, January 27, 1959 
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next largest group were paratrochanteric (base of the neck}, 18.5 per cent. Sub- 
trochanteric fractures were the least common, 14.7 per cent. The remaining 6.5 
per cent consisted of fractures so comminuted as to be combinations of the other 
types. Two patients had combined intracapsular and trochanteric fractures; both 
patients did well 


INCIDENCE OF MULTIPLE HIP FRACTURES 

These patients showed a high incidence of fracture of the other hip, or re- 
lracture of the same hip occurring on a separate occasion. Two hundred and 
thirty-nine fractures in this series occurred among only 232 patients. Seven pa- 
tients sustained a trochanteric fracture of the other femur at another date dur- 
ing this ten-year period. 

When tracapsular fractures as well were taken into account, it was found 
that thirty-four (16.4 per cent) of the patients had suffered multiple hip frae- 
tures. Two patients had three separate fractures at the hip. The fact that when 
an elderly woman sustains a trochanteric fracture she has a 16.4 per cent chance 
of having another fracture at the hip at some time is alarming. This fact should 
direct one’s attention to the und rlying instability and inherent weakness of the 
bone structure of these eld rly p ople which predispose them to this 1n} Ty; & 
should lead one to do something about it. More widespread use of measures to 
correct or prevent osteoporosis should be instituted. The patient should be pro- 
tected, instrueted, and guided and, to some extent, their activities should be 
1M rmanently controlled. Their surroundings should be freed of potential dan- 
gers for the aged such as loose rugs, slippery floors, scattered toys, stray ani- 
mals, poor lighting, and the like. For some patients whose general condition 
(senility, for example) makes future falls and fracture almost a certainty, total 
restriction of inde po ndent ambulation is indicated after recovery 

Two of the refractures at the hip in this series occurred during the con- 

ilescent period in patients unsure in the use of crutches. Thirty-one occurred 
vears before or after the present trochanteric fracture and had no direct rela- 
tionship to it. In only one patient Was there simultaneous fracture at both hips 


ASSOCIATED DISEASES AND PATHOLOGICAL CONDITIONS 


The usual problems of advanced age, such as malnutrition, arte riosclerosis, 


heart disease, diabetes, renal insufficiency, senility, arthritis, hemiplegia, and 
residuals of various operative procedures were frequently noted in this group 
In addition, three of the fractures were pathological, two caused by eareinoma 
and one by Paget’s disease (Figs. 1-A and 1-B). This puts the problem in prope 
perspective The obvious fracture at the hip may mask the presence of the serious 
conditions just mentioned. Satisfactory results can only be achieved by con- 
stantly keeping in mind that the problem is not only orthopaedic, but that the 
services of a full complement of the whole medical staff must be employed. The 
general condition of these patients, superimposed on their age, rare ly made them 
good operative risks. Because of this and the advanced age of this group, a 
final follow-up study, although often possible, was not apt to be long 


rYPE OF INJURY PRODUCING THE FRACTURE 

The mechanism of injury varied. Of the patients, 63.9 per cent sustained their 
injuries in falls at home. Falls in the street accounted for 19.8 per cent. Falls in 
our hospital, causing fracture, accounted for 7.2 per cent, although these patients 
had been admitted for some other condition. Violent trauma accounted for only 
6.8 per cent. The cause of the fractures in 2.3 per cent was unknown. 

This indicates that the same prophylactic care of the surroundings of the 
aged, needed to prevent falls after operation, should be employed whenever there 
is an elderly person in a home. Many of these fractures need never have occurred 
had there been a little care and foresight. 


ac 
‘ 
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TREATMENT 

Of the 239 trochanteric fractures ten were not operated on. Four patients 
were too ill to permit surgery; they died, on the average, five days after admis- 
sion to the hospital. One death was from bronchopneumonia, two from cerebral 
vascular accidents, and one from a skull fracture. 

Five patients were treated by traction electively. One had a deep buttock 
burn; the second was admitted sixty-three days after injury; and the third had 
an undisplaced fracture. The fourth had a pertrochanterie fracture as well as an 
undisplaced vertical fracture of the head and neck of the femur (Fig. 2); fixation 
of any type would have separated the fragments. The fifth, with negative roent- 
genograms, initially, was treated by traction; later, roentgenograms showed a 
healing fracture. 

One patient was treated with a double plaster spica. This young man, who 
had hemophilia, was the only one with bilateral simultaneous hip fracture, one 
intracapsular and the other trochanteric. His bleeding could not be controlled 


Fic. 1-B 


tgenogram showing a trochanteric fracture on which eration was per- 
tient had extensive adenocarcinoma involving the upper part of the femur 
emained stable for twenty-four months, at which time the patient 


cture in Paget’s disease. Fixation was performed with a spline 


es through bones involved by Paget’s disease, is not delayed 


and he died in the hospital of a cerebrovascular accident 120 days after ad- 
mission 

The remaining 229 trochanteric fractures were treated with internal fixation 
All but two were immobilized with a one-piece Jewett nail. One was fixed with a 
blade plate and one with a spline. The average interval of time between injury 


and operation Was 29 adayvs Most of this ce lay occurred prior to admission. We 


believe that prompt surgical fixation is mandatory, and that many patients ap- 


parently doomed can thereby be saved 
OPERATIVE TIME AND NAIL PLACEMENT 
The average operative time was 55.9 minutes. This includes reduction, sur- 


gery, and roentgenograms. The time varied from fifteen to 135 minutes. Some 


extremely comminuted fractures required several insertions of the nail to obtain 


satisfactory placement 
The average number of nail insertions was 1.54 per operation; 144 wer 


done with one drive. The greatest number of failures occurred in the fractures 
where the nails were placed too high or anterior in the head of the femur (usually 
single drives). In the multiple-drive group, removal of the nail from a poor posi- 
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Fic. 3-A 


Roentgenogram showing tical fracture of the femoral neck, associated with a 
ibtrochantene fracture. The pat was treated by traction because of the danger of dis- 
placing intracapsular fragments by any internal fixation device 
Fig. 3-A: This anteroposterior roentgenogram of a fracture was made at operation and 
hows the long Jewett nail 


tion and reinsertion In a good position lowered the incidence of failures of union 
and carried no demonstrable adverse effeets on the over-all final resuit 
NAILS USED 


The length and the angle of the Jewett nails varied over a wide range: in 76 
per cent the angle used was 130 degrees. The length of the nails varied from on 


ind one-half inches to three and three-fourths inehes, but 90 per cent of them 


were three to three and one-half inches 

On the follow-up roentgenogram 10 per cent of these nails were seen to have 
penetrated the articular cartilage. In retrospect, we believe that some of the nails 
could have been shorter. However, when the head and neck fragment is short, 
the surgeon is faced with the choice of a short nail and instability, or a long nail 
with later possible penetration (Figs. 3-A, 3-B, and 3-C). In such cases, we pre- 
fer stability and possible penetration. A penetrating nail ean later be removed, 
but malunion is hard to aeeep! 


WOUND HEALIN( 

Surgical incision in patients at this age carries with it a high incidence of 
wound complications Despite this, there were only five recorded hematomata; 
four of these became infected All healed, although one took five months. All 
five patients survived. There were also six skin infections because of silk sutures, 
which heale promptly after removal of the sutures 


POSTOPERATIVE CARE 


Our concept ol the care of these patients envisages treatment by the com- 
plete medical and orthopaedic staff from the time of injury until discharge. 
Meticulous nursing care influences the general outcome more than any other 
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Fic. 3-B Fic. 3-C 

The roentgenogram made aiter operation shows penetration of the nail as heal- 
Fig. 3-C: Roentgenogram three years after operation shows the fracture healed and the 

nail removed. The hip was asymptomatic, with a full range of motion 
single factor. These patients are turned frequently to prevent stasis. Russell's 
traction is used only during the first few postoperative days. The patients are 

out of bed, on an average, fifteen days after operation. 
AMBULATION 

The patients were taught cruteh-walking when vision, strength, balance, 
and general condition permitted. An indeterminate number of these patients were 
not walking when fracture occurred Twenty-one patients died before they could 
walk, and forty-nine patients left the hospital before they became ambulatory 


Those patients with nailed fractures who did walk did so, on an average, thirty- 
The five patients treated electively by traction 


eight days after operation. 
walked, on an average, eighty-seven days after operation—forty-nine days later 
than the patients who were treated surgically 
DURATION OF HOSPITAL STAY 
The average period of hospitalization was fifty-three days for patients who 
were operated on, and 100 days for the five patients treated by traction. Pa- 
tients treated surgically required half the hospitalization that was needed for the 


patients treated by traction. 


FATALITIES DURING HOSPITALIZATION 


Cwenty-four of the patients who were operated on in this series (10.5 per 
died before discharge from the hospital. Three patients died within seventy- 


cent 
The average time of 


two hours; the earliest, twenty-four hours after surgery 
death was thirty-four days after operation. Four patients treated by traction 
and the one immobilized in a plaster spica also died. 

The causes of death in the hospital were: pulmonary emboli in six patients, 


congestive heart failure in six, myocardial infaret in five, pneumonia in two, 
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Fia. 4-B 

{- n intertrochanteric fracture which was converted to subtrochanteric by intro- 
duction t nail and reduction of the fracture 

ifter operation shows the fracture 


Fig. 4-B: Roentgenogram made four and one-half years 
to be healed; this occurred in the usual time and without any untoward complications 


Fig 


Fic. 5-A 


(Anteroposterior roentgenograms showing onset of a subtrochanteric fracture 


and general malnutrition and arteriosclerosis in two. Uremia, carcinomatosis, 
and bleeding gastric ulcer, respectively, were the causes in three patients. One 
also died in the hospital. 


patient treated by east had hemophilia; he 


NON-FATAL COMPLICATIONS 
The incidence of non-fatal complications was: decubitus ulcer of the heels, 
2.6 per cent; decubitus ulcer of the sacrum, 5.3 per cent; senile deterioration, 7.9 
per cent; thrombophlebitis, 6.3 per cent; cardiac decompensation, 2.6 per cent; 
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rram ~showing fracture of an old type of Jewett nail through the 
two months after open reduction and insertion of the nail 
Roentgenogram showing fracture of a second Jewett nail, ten 


subtrochanteric fracture. 


months after 


/ 





Che subtrochanteric fracture finally united in full valgus with splin« 
operative procedure. This roentgenogram was mad ( 


Il\ 


nixation 
years alter lracture 
pulmonary emboli, 2.6 per cent; pneumonia, 2.6 per cent; cystitis, 1 


7 per cent; 
and cholecystitis, 1.7 per cent 


There was also one case each of diabetic gangrene of the foot, penicillin re- 
action, cerebrovascular accident, peroneal palsy, pulmonary atelectasis, uremia, 
and postoperative shock. Delerium tremens developed in two patients 

Severe senile disorientation demanding permanent institutional care devel- 
oped in 3.5 per cent ol the patients who were Oy rated on. (Senile changes wer 
frequently reported to have been present before fracture.) A comparison of this 
disastrous complication, which developed in 11 per cent of the patients who were 
treated conservatively, with the lower percentage in the patients who were 
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treated surgically, would indicate that the latter patients had a better outlook in 
this respect 


FOLLOW-UP 


The average length of follow-up for all patients discharged from the hospital 
was 32.7 months. Of the 232 patients studied, eighty-one (34.9 per cent) are dead. 
Fifty-three (22.8 per cent) are alive. Ninety-eight (42.3 per cent) are unobtain- 
able for examination at this time. 

Of the patients whose present status is known, 60.5 per cent are dead and 
39.5 per cent, alive. Inasmuch as the average age of these patients was seventy- 
five years at time of fracture, this is not surprising. 


ROEN TGENOGRAPHIC EVALUATION 


Ninety-three per cent of the reductions were estimated by roentgenogram as 


good; 6.4 per cent were termed fair; and 0.6 per cent were determined poor. 


In evaluating the placement of the nail in the anteroposterior view, it was 
found that 5.5 per cent of the nails were placed in the upper segment of the 
femoral head, 23.2 per cent in the middle, and 71.3 per cent in the lower portion. 
In the lateral view, 14.3 per cent of the nails were in the anterior, 39.3 per cent 
in the middle, and 46.4 per cent in the posterior portion of the head. Any nail 
anterior and high is poor, and one either anterior or high is questionable. Other 
placement is acceptable. 

On the basis of the above criteria, it was judged that 80 per cent of the nails 
were well placed, 16 per cent questionably, and 4 per cent poorly placed. 

Of the well placed nails, only 0.8 per cent failed. The questionably placed 
nails failed in 34 per cent (cut out usually, non-union in one). Poorly placed 
nails, occasionally accepted in the less severe fractures, failed in 20 per cent 

The time of union, on the average, was 4.5 months for the operative series 
and six months for those treated by traction. The patients who were operated on 
were discharged prior to union of fracture, but those treated by traction had to 
remain hospitalized pending complete consolidation of the fracture. This further 
indicates the contrast between the surgically and the conservatively treated pa- 
tients 

A trochanteric fracture may be converted to a subtrochanteric fracture as 
the nail is being driven in (Figs. 4-A and 4-B). This sometimes occurs when 
an attempt is made to produce a valgus position of the proximal fragment. In 
this series eleven (6.1 per cent) were so changed. Follow-up examination showed 
that this made no difference with regard to the stability of the fracture or the 
date of healing. 

The estimated time of healing was essentially the same in the intertrochan- 
teric, paratrochanteric, and subtrochanteric fractures. It depends more on the 
stability of fixation than on the type of fracture. 

There were two non-unions. One of these patients now walks with consider- 
able difficulty with two crutches. The other, although using a cane, has pain. 
Both of these patients have what amounts to a McMurray osteotomy. In each 
instance the original nail fractured. In one it was replaced, and in both the nails 
were finally removed. 

There was one fracture which, after a delayed union, finally healed after 
bone-grafting. This patient, the only one in the series in whom avascular necrosis 
developed, is considerably disabled. 


NAIL FAILURES 


Nine Jewett nails broke and one bent—4.4 per cent. In three of these patients 
the nails were left in place and the fractures united, whereas in three others the 
fractures were renailed, resulting in one union, one non-union, and one rebroken 
nail. In two others the nails were merely removed; the fracture united in one 
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and non-union developed in the other. One patient had six operations; two Jewett 
nails broke and the fracture finally united after fixation with a spline holding 
the proximal fragments in full valgus (Figs. 5-A through 5-D). 

Twenty-three nails (10.5 per cent) penetrated the femoral head. In nineteen 
patients symptoms did not warrant removal of the nail, and in four the pene- 
trating nails were removed because of pain. None of the nails placed low and 
posterior in the region of the calear penetrated the head. Twelve nails cut out. In 
three additional patients the nail shifted. In these, the nail position accepted was 
either too high, too anterior, or both. In one instance (a pathological fracture), 
the screws pulledsout after operation. Since solid, one-piece Jewett nails were 
used, there were no failures due to a motion developing at the joint between the 
nail and plate. 

Fourteen patients had more than one operation to realign the fragments, to 
replace broken nails, to graft for delayed union, or to remove the nail. Twelve 
had two operations, one {our operations, and one six operations. In two patients 
osteotomies were done to secure increased valgus position. Three patients had 
secondary bone-grafting, and the fracture united. Nine nails were removed be- 
cause: three were broken, four penetrated, one bent, and one for local tenderness. 


CONCLUSIONS 


1. Treatment of trochanteric fractures of the femur has become that of sur- 
gical fixation. The presence of associated geriatric pathology and complications 
demand team work from the medical, urolegical, surgical, and orthopaedic staffs. 

2. There is a 16.4 per cent chance that a patient with a trochanteric fracture 
will, at some time, sustain another separate hip fracture. This indicates a need for 
permanent protection. 

3. The original placement of a one-piece Jewett nail, to a large part, deter- 
mines the outcome. Multiple drives to obtain good position are acceptable and 
do not adversely influence the end result. 

4. Where fixation demands a fully driven nail, the possibility of its later 
penetration should be accepted. 

5. Failure of metallic fixation devices is bound to occur, in regard to both 
stability in osseous structure and fatigue fracture of the implant. Even if reason- 
able design of the appliance is present, and its internal structure has been tested 


by accepted methods, a small percentage of such fatigue fractures should be con- 


< ‘ered as inevitable 
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DISCUSSION 

Dr. Carto S. Scupert, Cuicaco, ILtinois: One can hardly discuss paper that has been 
so well presented and well organized. I can only re-emphasize some of the important points 
which were brought out by the authors. It was somewhat surprising, and interesting to me 
that the ratio of fracture in male and female patients was eight to one. Because I have charge 
of one of the male fracture services at the County Hospit il, | might have a tende ncy to be a 
little bit biased, but I know that in my own pri practice the ratio doesn’t seer 
t] high 

The iverage ige of seventy-five shows that these patients were not in the best health, 
ind I feel that this 1s account ible for the three surgical deaths If a patient survives the first 
three to five days after operation and then dies of something else, you shouldn’t blame the 
surgeon. So, I think, this is a very acceptable figure and is something that all of us will have 
great difficulty in equaling 

I was impressed with the fact that the authors’ experience and mine were similar; that 
if the nail was too far anterior and superior, it had a greater chance of failure than that 
which was inferior and posterior. 

The authors are to be complimented on the operative time—an average of 55.9 minutes 
In the operation that took fifteen minutes the patient must have come in with an open 
fracture in the well dissected trochanteric area. I will say, however, that 55.9 minutes, with 
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roentgenographic control, means that there was excellent cooperation and a very skillful 


operative team. I think all of us would do well if we could come out with this average. 

The authors used the Jewett nail exclusively. At the present time, I also use the Jewett 

nail, but I feel that any: one-piece nail is acceptable; there is no reason why the Neufeld nail 
shouldn’t work just as well, except that I have the equipment for putting in the Jewett nail 
ind that is why I use it. Some time ago, in complete despair, we quit using any type of nail 
ind blade attachment; there wasn’t one made by man that didn’t come apart somewhere 
ulong the line in our hands. How they do it, I don’t know, but we tried them all and we 
feel that they ought to be in one piece when you start with them so you won’t have to worry 
ibout their coming apart. It is very difficult to explain to friends, relatives, and the referring 
doctor why the bolt is on the sciatic nerve and the nut is up underneath the femoral artery, 
ind we have eliminated that complication. 
The percentage (10 per cent) of penetration of the nail was very interesting, because I 
have had similar experiences. Invariably, if I don’t pay special attention, I use a nail that is 
i little bit too long. It looks good on the original roentgenogram made in the operating room, 
but because there is some magnification the tip of that nail is closer to the cartilaginous 
border of the head than one thinks. I have almost made it a hard and fast rule that I never 
use a nail that is longer than three inches, and I have yet to regret it. As soon as [I start 
getting up to a nail from three and one-half to three and three-quarters inches long, I find, 
six months later, that most of those nails have penetrated. I err on the other side of being 
i little bit short, but so far I have had none puil out of the proximal fragment. 

It is very nice to see this large statistical series and to learn that the patients who are 
operated on got well and left the hospital with fewer complications than the ones who were 
reated by traction. This is a marvelous statistical study; it is a series of cases that we can 
ill learn from. The few unfortunate accidents and complications which the authors reported 
I am sure we have ll encountered, and I think that their statistical figures, their operating 
ime, and their low mortality is most commendable. 


Dr. MaTHer CLEVELA® w sing): On any paper in which there are a great many names, 
there are always two classes of workers—-the drones and the workers. I am distinctly a drone 
on this. I am extremely grateful to Dr. Scuderi for not asking any embarrassing questions 
that I couldn't have answered 

There are only two or three things that I would like to emphasize, and these are that 
there were only two patients, as far as we know (and we don’t know everything about all 
of them), whose fractures failed to unite and only one instance of avascular necrosis. That 
of course, is in marked contrast to the intercapsular fractures. Fourteen of the 234 patients 
treated surgically (about 6 per cent) required subsequent surgical procedures to realign the 
fracture, to replace broken nails, to remove penetrating nails, which cause symptoms, 01 
had to have bone-grafting done for delayed union. I think it is interesting that considering 
the age of the natients this trochanteric fracture is attended, for the most part, with a higl 
degree of union 
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Avascular necrosis of the femoral head is an important complication of trauma 
and disease of the hip joint. In particular, avascular necrosis of the femoral head 
occurs in from 17.8 per cent ® to 33 per cent * of eases of fracture of the femoral 
neck and in 15 per cent ? to 30 per cent 11:2! of cases of dislocation or fracture-dis- 
location of the hip joint. 

This paper presents a preliminary report of a method for the early diagnosis 
of such avascularity of the femoral head, recently described by us !*. Experimen- 
tal results will be presented, and the clinical use of the method will be described. 


METHODS AVAILABLE AT PRESENT 


There are five methods available for diagnosing avascular necrosis of the 


femoral head. 


Roe ntae nograph Y 

The roentgenographie appearance of the relative increased density of the 
femoral head when compared with surrounding atrophic vascular bone may en- 
able one to make a diagnosis of avascular necrosis as early as three to four weeks 
after injury. Sometimes, however, many months elapse before such density differ- 
ences are unequivocal. Roentgenography offers little help when the patient is 
being treated immediately after injury. 


Histoloqy 


The second method is that of bone biopsy. Here, a small punch biopsy of the 
femoral head may enable the pathologist to distinguish between dead and liv 
bone as early as two to three weeks after injury. This time must elapse to allow 
bone and marrow cells to be autolyzed. No differences will be distinguishable im- 
mediately after injury. The lacunae will still contain stainable nuclei and so 


will the marrow spaces. 


Phli bography 

Methods arg presently being developed * to attempt to assess the vascularity 
of the femoral head by the injection of a radiopaque dye into the head and the 
observation of its passage out along the veins. The method is open to the eriti- 
cism that the injected material, which is two milliliters or more in quantity, might 
find its way out along the veins even if the arterial blood supply was cut off. 
Another objection to this method is the impossibility of obtaining anything like a 
quantitative result by such a technique. 
Intramedullary Blood Pressure 

Work is at present being conducted by Stein and his associates !° on the 

tead at the Annual Meeting of The American Academy of Orthopaedic Surgeons 
Chicago, Illinois, January 24, 1959. _ 

+ Financed by United States Public Health Service Grant No. 1625 
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estimation of intramedullary blood pressure to detect the presence or absence of 
circulation in the bone: the results are not vet available. 


Studies of Radiophosphorus Pickup 


The fourth method available for the study of avascular necrosis of the femoral 
head is that of radiophosphorus pickup. The P*? may be given intravenously, 
and the amount of pickup by the femoral head may be assayed about ninety 
minutes later by one of two methods. 

In Tucker’s method ':** a small piece of the femoral head is removed along 
with a piece of presumably vascular bone from the greater trochanter. The speci- 
mens are ashed, and then the radiation is counted. By comparing the radiation 
from the two pieces of bone, a ratio is arrived at which indicates the amount of 
P ** pickup by the femoral head. This method takes some time to perform carefully, 
and the results are not available during the operation. In addition, the specimen 
from the femoral head may be contaminated, during its removal, by blood con- 
taining P **, giving a falsely high pickup 

In the method of Boyd, Zilversmit, and Calandruccio the assay of the P ** 
pickup is made by the insertion of a probe Geiger-Miiller tube up a hole which 
is made by placing a guide wire into the femoral head. The probe is sensitive to 
beta radiation and records the radioactivity of the femoral head into which it is 
inserted. However, beta radiation is rapidly filtered out by tissues, especially 
bone, and the probe is relatively insensitive to radiation from bone which is 
more than two or three millimeters away. The passage of the probe through 
normal trochanteric bone filled with blood containing P ** may lead to contamina- 
tion of the probe and thus to falsely high readings. There is no doubt that studies 
of radiophosphorus pickup are a valuable experimental tool in assessing bone 
13 


vascularity However, we feel that some other Isotopes might serve the sur- 


geon’s purposes better, especially when an immediate result would be so valuable. 
Radiosodium Clearance Studies 


Previous work on avascular necrosis of bone using radioisotopes depended 
on the pickup of the element by the bone. It appeared that the clearance of a 
radioactive element from a deposit in bone could be followed by surface counting 
methods if the element emitted gamma photons which will penetrate tissues freely 
The method of assessing bone vascularity presented here is a development of the 
work of Kety ®". Smith and Quimby '*'* first presented a method of assessing 
veripheral circulation using radiosodium. The isotope was injected intravenously, 


ind its entry into the peripheral tissues was assayed by counting from the body 
surface. Kety *'° developed the method of injecting Na** intramuscularly and 


then tracing its rate of removal by the circulation by taking counts over the 
leposited isotope for ten minutes. Other workers have continued to use the Na*4 
clearance technique in the study of various aspects of the effects of peripheral 
vascular disease on muscles *:4:141%,23.24, 

The suitable isotope appeared to be Na** rather than the longer-lived Na2?. 
Na** has a half-life of 15.06 hours; this rapid decay greatly increases the safety 
factor to the patient. Most disintegrations of Na** give a beta particle of 1.39 
million electronvolts and two gamma photons with energies of 1.38 and 2.76 mil- 
lion electronvolts. These gamma photons easily penetrate body tissues including 
bone. Surface counting techniques may thus be used. 

The difficulty in applying this technique to bone was introducing the radio- 
sodium into the bone and of holding it there for ten minutes while counts were 
taken. No leakage can be allowed as this would lead to a false fall in local radia- 
tion. The syringe used to inject the isotope must be emptied as completeiy as pos- 
sible so that there will be the lowest possible residual radioactive saline solution 
in the syringe which, consequently, would not be available for clearance by the 
circulation. The injected mass must not be under pressure or it may escape along 
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open veins even if there is no arterial flow. The syringe has to deliver a safe and 
thus a small amount of Na** and yet give a starting count sufficiently above the 
background to allow counts to be taken for short periods of time which are none 
Liicless statistically valid. 


The Radioisotope Syringe 


A metal syringe (Fig. 1) was developed in cooperation with James Hite, 
Chief Engineer of Zimmer’s Manufacturing Company, Warsaw, Indiana. Both the 
barrel and the plunger are made of stainless steel. The barrel is strong enough 
to be inserted into bone without fear of its bending. The syringe was designed 
in two sizes: a small one for use in the animal experiments and a larger one for use 
in adult human patients; the larger one is seven inches long and one-quarter of 
an inch in diameter. 











Fia. 1 


The stainless-steel radioisotope syringe is shown assembled. The large model for 
use in human adults is seven inches long, and the narrow part of the barrel has a 
diameter of one-quarter of an inch. 











Fia. 2-A Fig. 2-B 


Fig. 2-A: The metal syringe is shown disassembled. The threaded portion of the plunge: 
can be seen. Filling and emptying of the syringe are accomplished by screwing the plunger 
in or out of the barrel, which gives good control of these actions. 

Fig. 2-B: The ends of both the barrel and the plunger of the syringe are shown in greater 
detail. On the left can be seen the three O rings in their grooves in the end of the plunger 
There is little room for radioactive material to be left inside the syringe after emptying. On 
the right of the picture the end of the barrel of the syringe with its coarse threads and one 
of the self-tapping flutes can be seen. 


The plunger is serewed home into the barrel in order to effect complete control 
over filling and emptying (Fig. 2-A). A water-tight sealing of the plunger in the 
barrel is achieved by three rubber O rings held in grooves in the end of the 
plunger (Fig. 2-B). These O rings are changed after each sterilization to remove 
any danger of their perishing and consequent failure during use. 

The end of the barrel is pierced by : small hole which is sufficiently large to 
allow easy filling and emptying of the syringe, but yet small enough to prevent 
escape of the contents of the syringe. The outside of the end of the barrel is 
provided with Sherman-type coarse screw threads which are fluted to provide a 
self-tapping action (Fig. 2-B). Therefore, the syringe, when screwed into a pre- 
drilled hole in the femoral head, cuts a female thread in the bone, avoiding 
the danger of compressing bone which would give a false picture of avascularity. 
The large syringe can deliver about 0.25 milliliter, and the small syringe about 
0.1 milliliter. 
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The Injected Solution 


Na** was obtained from Oakridge National Laboratories and prepared with 
extra sodium chloride to give an isotonic solution in the Addison Gibson Labo- 
ratories under the direction of Campbell Moses, Jr. For the experimental work it 
was used at a strength of 1,000 microcuries per milliliter at first, but this was 
later reduced to fifty to sixty microcuries per milliliter for use in both animals 
and human beings. The large syringe is used partly filled to give a dose of be- 
tween five and ten microcuries. The small syringe delivers a dose of less than five 
mucroeures, 





Fia. 3 
Photograph of the metal syringe after its insertion into the predrilled hole in 
the neck and head of a dog’s femur during a study in a live head. The procedure was 
performed by the blind method. The syringe can be seen passing into the wound 
between the jaws of the self-retaining retractor. The end of the columnated scintilla- 
tion probe can be seen at the upper left. It is centered so that a reading may be taken 
from the femoral-head area, 


Instruments for Counting the Radiation 


The gamma photons emitted by the Na** were counted with a scintillation 
probe containing a thorium-activated sodium-iodide crystal. In the first animal 
experiments, a crystal half an inch in diameter was used. For increased sensitiv- 
ity, a two-inch erystal was used for the human subjects, which enabled a smaller 
dose of Na** to be used. The probe is held in an adjustable mechanical arm for 
easy positioning, and is columnated by a lead column, preferably of the honey- 
comb type, to narrow the zone from which the counts are taken. The probe is con- 
nected to a rate meter, and the counts are recorded on a rectilinear riter; thus, ¢ 
graph of the clearance was drawn by the stylus. In some cases, the counts were 
recorded on a scaler, and here an actual figure was obtained for each one of the ten 
minutes of counting by counting for a preset thirty seconds, then waiting thirty 
seconds, and then repeating the procedure. This latter method is most suitable 
for use in the operating room. 


ANIMAL EXPERIMENTS 


The purpose of the animal experiments was to test the method of radiosodium 
clearance by comparing the clearance from avascular and vascular femoral heads 
in dogs. 
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Procedure for Devascularized Femoral Heads 


The study was carried out on twenty-two large, adult, mongrel dogs. The 
right hip of each dog was exposed under nembutal anesthesia and full aseptic 
technique. The femoral head was dislocated, the ligamentum teres was severed, 
and all vessels were stripped from the femoral neck. A hole was then drilled up 
the femoral neck from the lateral aspect of the shaft with a drill smaller in 
diameter than the threads on the end of the small syringe. The hole was extended 
well into the femoral head but not so far as the articular cartilage. The depth 
of the hole was carefully measured. 





Fic. 4 


Photograph of the upper end of the dog’s femur after removal at autopsy 
The drill hole inside the femoral head to the right was exposed by sawing 
the head in two. The syringe was then reinserted up the hole in the femur, 
passing from the lateral femoral cortex on the left to within about half an 
inch of the end of the hole on the right. The extreme tip of the svrings 
with its last two screw threads can be seen just entering the femoral head 


Technique of Loading the Syringe 

The metal syringe was then loaded by assembling it, dipping its end into 
the radioactive saline solution, and unscrewing the plunger to aspirate the saline 
solution into the syringe. The outside of the syringe was then carefully washed in 
sterile water to remove all adherent radioactive solution. It was then held under 
the seintillation probe to determine if it was successfully loaded, which would 
he indicated by a high counting rate. Failure to fill satisfactorily was observed 
if the plunger had been unscrewed too rapidly or the syringe had been removed 
from the radioactive solution before it had had time to fill; the syringe was then 
refilled and tested again. The solution of Na** used in the first experiments 
contained 1,000 microcuries per milliliter, but this was subsequently reduced to 
fifty to sixty microcuries. An isotonic and sterile solution was always prepared. 
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Method of Obtaining Clearance Rates 


The metal syringe was inserted into the hole in the femoral neck (Fig. 3) 
and gently screwed in until its end was within about half an inch of the end of 
the hole (Fig. 4). The contents of the syringe were then emptied into the hole in 


the femoral head by screwing in the plunger completely. Care was taken to empty 


the syringe entirely. 

The scintillation probe, held in an adjustable mechanical arm, was then 
swung over the femoral head and accurately centered. The rate meter was read 
on the logarithmic seale, and the approximate counts at a distance of about two 


TABLE I 


Na** CLEARANCE Stupres IN FemorAt Heaps or Doas * 


I:xperiment Dog Devascularized Vascular First Count Second Count Fall Clearance 
No No Head Head per Minute per Minute (Per cent) 


| 146 x 9500 9550 0 0 
‘ 7390 5450 1940 26.2 
x 1420 390 30 
15660 8260 7400 17 
19000 12120 6880 
12000 11400 600 
1550 1125 125 
1921 1899 22 
5710 3840 1870 
16500 16500 0 
19300 19380 0 
3121 3099 22 
3640 3894 3000 
3550 3480 66 
9797 3127 1670 
10039 9674 364 
8564 7274 1290 
7790 7780 10 
5991 1770 1221 
15940 16330 0 
1136 973 163 
5690 5700 0 
10979 9442 1537 
12000 12500 Rise 
18500 15500 3000 
13000 12750 250 
13000 10000 3000 
10000 7500 2500 
19000 14000 5000 
16500 16500 0 


* This table gives the corrected counts per minute obtained over the femoral heads of dogs : 
the start and finish of each ten-minute clearance run. The difference between these two counts, 
if any, expressed as a percentage, Is the clearance rate 


to three inches from the femoral head were obtained. The counts were taken on 
the most convenient scale, using either 5,000, 15,000, or 50,000 counts per minute 
as the top of the graph paper in the automatic recorder. Counting was continued 
for ten minutes. At the end of this time, the syringe was unscrewed from the bone 
and carefully wiped and washed free of external radioactivity. It was then placed 
under the scintillation counter at approximately the same tube-syringe distance 
as was used during the clearance run, and the residual activity in the syringe in 
counts per minute was determined. This count represented the Na** not avail- 
able for clearance during the run and it was subtracted from the counts per 
minute at the start of the run and also during the last minute of the run. The decay 
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of Na** in six minutes is only 0.5 per cent; hence, this factor was ignored. The 
percentage fall in counts expressed as a percentage of the original activity over 
the femoral head was used as the Na“ clearance. 


Procedure for Vascular [leads 


Two weeks after the operation on the devascularized femoral head, the left 
hip of each dog was used to obtain the clearance from a vascular femoral head 

The lateral aspect of the upper femoral shaft was exposed. A hole was drilled 
up the femoral neck into the femoral head to the juxtachondral zone. The depth 
of the hole was carefully measured, and the loaded metal syringe was screwed 
in to within a half inch of the end of the hole. A clearance study was then run in the 
same manner as described for the devascularized heads, including a residual 


RADIO-SODIUM CLEARANCE OF DOG 
ORIGINAL FEMORAL HEADS 
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60 


50 


40 


30 





| 
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Cuart I 


Here are presented in diagrammatic form the results of the dog experiments. The 
fifteen devascularized femoral heads gave clearances below 5 per cent in ten minutes. 
Four partly devascularized heads gave clearance values of between 10 and 20 per cent 
Eleven vascular heads gave clearances of from 20 to 50 per cent. 


count over the svringt By use of the corrected counts in the first and tenth min- 
utes, the percentage fall or Na** clearance was calculated as was done with the 
devascularized head. 

At autopsy beth femoral heads were removed. The blind drill holes were 
checked for location, and the results in those misplaced were discarded. Histologi- 
cal sections were prepared from all the femoral heads 


RESULTS 

The results are recorded in Table I and presented in graphie form in Chart I. 
Thirty femoral heads suitable for study were obtained from twenty-two dogs. 
Wound infection, misplacement of the drill hole, and intercurrent disease made 
some hips unsuitable for study. Also, some of the earlier dogs were so small that 
the syringe could not be inserted into the femoral head. 

The results could be classified into three groups as follows: 

Group 1. In fifteen femoral heads the clearance rate in ten minutes was 5 
per cent or less, indicating complete devascularization 
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Group 2. In eleven femoral heads the clearance rates were between 20 and 
50 per cent, indicating vascularization. 

Group 3. In four femoral heads the rates were between 10 and 20 per cent, 
indicating partial devascularization. 

The striking difference between the rapid clearance of the isotope from the 
vascular heads and its failure to move from all but one of the heads that had 
been devascularized is the essence of the experiment, 

The femoral heads were studied histologically, and, in general, the clearance 
studies were confirmed in that the non-devascularized heads showed no areas of 
marrow death or empty lacunae. The devascularized heads showed varying 
amounts of bone necrosis with necrotic marrow cells and empty bone lacunae. 
However, very rapid bone repair takes place up the drill hole in the dog and 
confuses the histological picture. The gross changes in the femoral heads were, 
however, obvious (Fig. 5), as the cartilage on avascular heads was xanthochromie, 


pale, soft, and pitted. 





Fia. 5 
Photograph of two femora removed at autopsy from one of the dogs. On the left 
is the normal-looking femoral head on which blind drilling and a sodium clearance 
study were done. On the right is the devascularized femoral head with pale, pitted 
irticular cartilage 


The difficulty in interpreting the histological picture even in dogs is instruc- 


tive. Sherman showed that areas of apparently dead bone may be demonstrated 


in the bones of older subjects with peripheral vascular diseases. 
CLINICAL APPLICATION 

It became obvious that Na** clearance in dogs gave reproducible results. 
Avaseular femoral heads gave 5 per cent clearance or less, and vascular heads 
gave 20 to 50 per cent clearance. Encouraged by these results and the ability to 
use doses of five to six microcuries of Na**, we believed that clinical trial could 
be undertaken. Na** clearance studies were then initiated on suitable cases of 
fractures of the femoral neck and dislocations and fracture-dislocations of the 
hip in adult human subjects. We studied nine cases of fractured femoral necks. 
five cases of dislocation or fracture-dislocation of the hip joint, and one case of 
spontaneous avase!ar necrosis of the femoral head. 
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Patients with obvious roentgenographic signs of avascular necrosis of the 
femoral head as well as patients with the fresh trauma were included. The dis- 
located hips provide the opportunity for a good long-term control of the procedure. 


OPERATIVE PROCEDURE ON HUMAN SUBJECTS 


The method of radiosodium clearance may be added to the usual roentgeno- 
graphically controlled internal fixation of a fracture of the neck of the femur 
without unduly prolonging the operation. When investigating the circulation after 
dislocation of the hip, the whole procedure is much more simple. For this reason 
the technique used in a case of fracture of the femoral neck will be deseribed. 

The patient is anesthetized, and the fracture reduced. Two x-ray tubes are 
placed in position for anteroposterior and lateral views of the femoral neck. Two 
polaroid cassettes greatly speed the procedure. The scintillation probe, held in 
its mechanical arm, is positioned so that it can be swung over the hip joint when 
the time comes to count the radiation (Fig. 6). The probe is connected to a rate 





An ordinary operating-room table is used. Two x-ray tubes are positioned for antero- 
posterior and lateral roentgenograms. The scintillation counter (over the patient) is held 
in a mechanical arm and conne cted to a sealer (right foreground) 


meter and automatic recorder or to a multisealer. After checking the reduction of 
the fracture, the lateral surface of the femur is exposed as if for blind nailing 
of the femoral neck. A small circular piece of the cortex is removed, and a guide 
wire is inserted up the femoral neck into the head. Care must be taken not to pene- 
trate the articular cartilage or the Na** will escape through it. If the wire 
enters the joint it must be left in position and another one inserted adjacent to it 
A long cannulated drill is then passed up the guide wire well into the femoral 
head, but not so far as the cartilage (Fig. 7). When the position of the drill is 
satisfactory as shown by roentgenograms, it is removed along with the guide wire 
before insertion of the loaded large metal syringe which must penetrate to within 
a half inch of the end of the predrilled hole. The drill has the same outside diam- 
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eter as the barrel of the syringe so that when the syringe is screwed into the 
hole, the serew threads at the end of the barrel bite into the bone of the head, 
producing a water-tight seal. 

The syringe is loaded in the same manner that was described for the animal 
experiments. The Na** in sterile isotonic saline solution, fifty to sixty micro- 
curies per milliliter, is placed with great care in a small beaker on a special table 
reserved for the radioactive material. All procedures should be quickly checked 
with a monitor counter to detect any contamination of gloves, floor, or drapes. 
The washed and dried syringe is held under the scintillation probe to confirm 
that it is loaded. If it is, then the rate of count rises dramatically. The syringe is 
then screwed up the predrilled hole in the femoral neck to within a half inch of the 
end (Fig. 9). This insertion must be performed very carefully since the guide 
wire and drill have been removed and nothing maintains the reduction of the 
fracture except the position of the limb. The syringe will find its own way in, and 





Fia. 7 Fic. § 


Fig. 7: Roentgenogram made during the performance of a radiosodium clearance study 
of a fracture of the femoral neck in a human adult. The fracture was reduced, a guide wire 
was inserted, and a cannulated drill, one-quarter-inch in diameter, was passed over the guide 
wire. 

Fig. 8: Roentgenogram showing the next stage in the radiosodium clearance study. The 
drill and guide wire have been carefully withdrawn and the syringe, loaded with about five 


microcuries of Na* in isotonic saline solution, is screwed into the bone until it reaches to within 


one-half inch of the end of the drilled hole. This re maining half inch forms the experiment il 
chamber into which the drop of radioactive material is expressed. It can be dimly seen ex- 
tending into the femoral head beyond the end of the syringe. 


it is serewed home gently and firmly. If it is pushed in forcibly, it is conceivable 
that the femoral head might be rotated on the femoral neck. This complication 
has not yet been seen in this series. The position of the syringe is confirmed by 
roentgenograms; it should reach just across the fracture. The syringe is then 
emptied by screwing home the plunger completely, and must be done carefully to 
avoid disz'odging the syringe. The dose delivered is about five to six microcuries 
in about 0.1 milliliter of solution. The scintillation probe is then swung over 
the anterior surface marking of the femoral head in the groin. Its distance is 
adjusted to give a suitable count, which is usually somewhere between 5,000 and 
20,000 counts per minute. The actual count is not critical so long as it is at least 
ten times the baekground. Counts are taken on the sealer each minute for ten 
minutes. This may be done by counting for thirty seconds, waiting for thirty 
seconds, and then counting for another thirty seconds and continuing in this 
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manner for each minute. As an alternative method the probe may be connected 
to a rate meter, and this in turn may be connected to an automatic recorder, 
such as a rectilinear riter. The stylus records the variations in counts as the run 
proceeds and accurately reproduces the counts per minute. The needle can eas- 
ily be watched by the surgeon for the striking difference between the falling 
needle of a good clearance and the steady needle when the head is avascular. 
At the end of the ten-minute run, the syringe is unscrewed from the bone. At this 
stage the escaping blood 1s slightly radioactive and is carefully collected on large 
swabs which are placed in waterproof bags for subsequent disposal. The syringe 
is thoroughly rinsed and wiped dry and then is placed on a table under the 
scintillation probe at the same tube-syringe distance as was used during the opera- 


tion 
The count taken here provides information on whether or not the syringe 
emptied completely. Obviously, any Na! that remains inside the syringe would 


not have been available for clearance 
by the circulation. 





Calculation of the Clearance 


The count per minute obtained 
over the syringe is subtracted from the 
count over the femoral head in the 
first minute and also from the count 
in the tenth minute. The corrected 
count in the tenth minute is subtracted 
from the count in the first minute, 
and the difference is expressed as a 
percentage of the count in the first 
minute and is the Na** clearance for 
that case. This calculation is simple 
when a scaler is used, for an actual 
number can be read off the machine 
for each minute counted. When an 
automatic recorder is used, the graph 
paper must be removed from the ma- | ae “< ie 
Fic. 9 
After a good radiosodium clearance of 35 per 
ent in ten minutes was obtained, a guide wirt 
poses because an accurate record is was reinserted, and a Smith-Petersen nail was 
provided inserted to hold the fracture reduced until 
union will ocew 


chine for calculation to be made. This 
is more suitable for experimental pur- 


Finish of the Operation 

After calculation of the Na** clearance in a fractured neck of the femur, a 
guide wire may be reinserted. This is easily accomplished by, first, partly rein- 
serting the cannulated drill that was used to make the experimental chamber in 
the head of the femur. The guide wire can then be passed up the cannulated drill, 
and the drill withdrawn. Nailing of the fracture is completed in the usual man- 
ner. If the surgeon elects to remove the femoral head and insert a prosthesis, he 
can extend the incision anterosuperiorly, using the Watson-Jones approach 


SAFETY OF THE METHOD 

The method described was monitored by Mr. Herman Cember and Mr. Mor- 
timer Heller of the Graduate School of Publie Health, University of Pittsburgh 
The dose of five to six microcuries of Na** is considered very small. Direct- 
reading dosimeters worn by the surgeon and the team showed a maximum dose 
of less than five microrads per hour received from the Na** during the opera- 
tion. On the other hand, up to fifty-five microrads was received by one of us 
(P.G.L.) during blind nailing of a fractured femoral neck; the vast majority 


VOL. 41-A, NO. 8, DECEMBER 1959 





1420 . G. LAING AND A. B. FERGUSON, JR. 


of the fifty-five microrads came from roentgen-ray radiation. Film badges should, 


of course, be worn any time that roentgen rays or radioisotopes are uscd. No 
overdosage was detected on the badges in the procedure outlined. The dose to 
the patient is minute, because any Na** not quickly excreted in the urine decays 
rapidly (half-life, 15.06 hours). 

Drapes and sponges contaminated during the operation seldom show more 
than two or three times the background count. The more heavily contaminated 
materials, however, can be stored for three or four days, after which time nearly 
all radioactivity will have disappeared. 


DISCUSSION 


From the anima’ experiments and from our preliminary experience in human 
beings, it appears that radiosodium elearance studies offer a method of determin- 
ing bone vascularity. The method is simple and is advantageous because it is 
fairly certain that the femoral head is avascular if no clearance occurs. Leakage 
of the injected radioactive material might lead to a false clearance, but in this 
case the surgeon would proceed to simple internal fixation. By careful technique 
it is possible, however, to avoid such leakage in most cases. 

The placing of the experimental chamber is also open to debate. If a nail 
is to be inserted along the same track as the syringe, then the chamber should 
probably be in the posteroinferior portion of the head. However, a test of Na** 
clearance of the superior portion of the head may be of more value prognosti- 
cally. 

In the case of dislocation of the hip joint and spontaneous avascular necrosis 
of the femoral head there is no objection to performing the clearance study in the 
superior portion of the head. 

It is difficult to obtain controls in studies on human beings. However, Na** 
clearance studies have been performed on two cases of roentgenographically ob- 
vious aseptic necrosis of the femoral head. In both cases, clearances of U per 
cent were obtained 

Full evaluation of the method must obviously await long-term follow-up 
studies 


Note: We wish to express our thanks to Dr. Campbell Moses, Jr., under whose A.E.C 
license this work was performed, to Dr. Paul M. Meadows, Assistant Professor of Radiology, 
University of Pittsburgh, C. M. Williams, M.D., Ph.D.. Mr. Herman Cember, Radiological 
Safety Officer, and Mr. Mortimer Heller, Health Physicist, Graduate School of Public Health, 
University of Pittsburgh, for help and advice, to Mrs. Mary Grebner, Miss Patricia Orlic, and 
Mr. Joseph Sunder for technical assistance 
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DISCUSSION 

Dr. Haroitp B. Boyp, MEMPHIS, TENNESSEE: Several research workers are applving various 
nethods to determine the viability of the head of the femur after trauma. All methods have 
uivantages and disadvantages. We must not lose sight of the fact that we are trving to 
devise a test and that none of us vet know the accuracy of any of these tests. Dr. Laing and 
Dr. Ferguson have presented a method of using the sodium clearance test. My associates and 
I have been working with the accumulation of the P* in the head of the femur, as reported in 
The Journal of Bone and Joint Su gery in 1955. With the use of P* we are able to obtain 
counts from a small, well circumscribed area, with minimum damage to the head of the femur 
The impairment of the circulation varies in different portions of the head, so we now prefer 
to obtain counts from the weight-bearing portion—that is, the area in which collapse of the 
head occurs clinically after avascular necrosis. With the P® method, the radioactive material 
is delivered to the bone primarily through the arterial circulation, whereas the clearance curve 
of sodium depends primarily on venous drainage. One of the illustrations shown by the authors 

vealed a rather large defect in the central portion of the head of the femur which extends 
on both sides of the epiphyse al sear and should allow disapype irance of sodium if the ve nous 
return is patent from any part of the two circulatory svstems in the head of the femur. By use 
f the P™ method, we have noted more radioactivity in the lower portion of the head of the 
femur than in the upper weight-bearing area. Therefore, a localized count in the weight-bearing 
irea should be preferable. This is armchair theorizing, and one should hurry back to the basic 
principle that we are developing a test and that whether or not that test is valid will depend 
on follow-up study. It will be necessary for the authors to follow © series of patients over at 
east a two-vear period to determine the validity of their test. I cannot agree with their 
statements that the surgeon does not have to wait for collapse of the femoral head to indicate 
the presence of avascular necrosis, but that he can tell immediately after the injury what the 
state.of vascularity of the head is and, if it is avascular, can take active steps to encourage 
einvasion of the head by blood vessels by whatever procedure he favors. Any procedure that 
the surgeon employs will alter the blood supply, and I assume that this might also include 
the removal of the head of the femur for the insertion of a prosthesis in those patients in whom 
the presumptive diagnosis of avascular necrosis had been made. Such a procedure would 
remove all chance of determining whether the test was valid. This is too naive an approach 
to withstand scientific scrutiny, and would be looked on with skepticism by a sophisticated 
research worker. 

At the present time, with the P® method, we have data on 167 patients with fresh fractures 
of the neck of the femur. Of these, seventy have been followed for two or more years. At 
present, the data appear favorable. However, we do not plan to use the test clinically until 
we have correlated our experimental data with the clinical end results in at least 100 cases 
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sodium clearance curve th t P* accumulation method to determine the 


lemu 


tain areas in which we disagree with D1 

. preliminary report and that we must be 
clinical value of this test. As a matter of 
in causes where the condition of the blood supply 

known in order to test the accuracy of the method 

which we knew the head was dead. 

great difference in the behavior of P® and Na 
of the bone if indeed it is measure of 

ilso ! ul | the amount of soft tissue within the bone 
pendent on the vascularity and the soft-tissue content of the 
used is so small that the error caused by the presence ol 


iz) es 


ssues does not affect the results of this test material- 


e certain safeguards which are built into 
the clearance method more than the 
no quarrel with the results in the case where n 


tainly, it is easv to establish the fact that the svringe has 
is found at the time of surgerv there would seem to 
using conventl methods of internal fixation. It is 
t one might question the value of 
importans 
sodium. | 


obtained 


THE JOURNAL OF BONE AND JOINT SURGERY 





Treatment of Comminuted Fractures of the 


Calcaneus by Primary Triple Arthrodesis 


BY KEARNS R. THOMPSON, M.D., AND CARL M. FRIESEN, M.D., 
LEXINGTON, KENTUCKY 


There are many varieties of fractures of the calcaneus, but comminuted 
fractures are frequent and produce the greatest disability. In the treatment of 
these fractures there is much difference of opinion and general pessimism as to the 
outcome. One of us (IX.R.T.) began treating these fractures by primary triple 
arthrodesis in 1948, and it has been our experience that this procedure produces 
a high percentage of satisfactory results. 


ANATOMY 


The calcaneus, which is the largest bone in the foot, articulates superiorly 
with the talus and anteriorly with the cuboid. There are three superior articular 
surfaces: the posterior, the middle, and the anterior (Fig. 1-A). The posterior 
articular surface is dome shaped, is inclined obliquely forward at approximately 
15 degrees to the long axis of the body, and is the largest of these articular areas 
The elongated medial articular surface is usually divided into two parts by a notch. 
The area posterior to the notch and lying anterior to the posterior articular sur- 
face is the middle articular surface; it is supported by the sustentaculum tali. The 
area anterior to the posterior articular surface and lateral to the middle articular 
surface is the caleaneal sulcus; it forms the inferior half of the sinus tarsi. The 
posterior portion of the calcaneus is the tuberosity, whereas the anterior projec- 
tion forms the cuboid articular surface. Superior and medial to the cuboid articu- 
lar surface, a bone prominence is evident, which is called the anterior process 


Middle articular surface 
Anterior articular surface 
Posterior articular surface 


Trochlear process 
Posterior articular surface 


Mid. artic. surface 


Ant process 


Cuboid 
articular 


Sustentaculum surface 


iy 


Tuberosity 


Lateral process —— 


Superior and lateral projections of the calcaneus 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, ( ‘hicago, 


Illinois, January 27, 1959 
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ee 
B. Ceiling line 
Fic. 1-B Pic 


Inferior projection of the cal Drawing of the ceiling line 


The cuboid articular surface is concave from above downward and lateralward 
and convex in a direction at right angles to this. As has been pointed out by 
Shephard, the configurations of the articular surfaces of the calcaneocuboid joint, 
of the ball-and-socket talonavicular joint, and of the subtalar joint allow medial 
and lateral motions of the foot. The caleaneus, when visualized from below (Fig. 
1-8), exhibits a lateral bowing, or convexity, and a medial concavity. 


ROENTGENOGRAPHIC EVALUATION 


As far back as 1720 (according to Goff), Garangeot described the ‘smashed 
‘ture’. With the disco: ery of roentgen rays in 1895. Desfosses offered the first 
curate interpretation of the fractured calcaneus. In 1908 Cotton and Wilson 
leseribed their manipulative technique for treatment of this fracture, based on 
roentgenographic interpretation. Most investigators during the past fifty years 
have recommended that the roentgenographic diagnostic survey of a patient 
with a painful heel after injury should include an anteroposterior projection of 


Fig. 3 Fic. 4 
big. 3: Anteroposterior roentgenogram of the ankle, showing fracture of the caleaneus, with 
luteral spread, 
Fig. 4: Case 3 (Table IL). Later il roentgenogram of the calcaneus, showing a comminuted frac- 
ture of the entire body , Involving the subtalar and caleaneocuboid jomts, 
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Fig. 5-A Fig. 5-B 


Fig. 5-A: Case 9 (Table I). Lateral roentgenogram of the calcaneus, showing a severe depression 
fracture of the posterior articular surface as well as the anterosuperior articular surface, with 
avulsion fractures of the posterior aspect ol the talus and of the cuboid 
(Fig. 5-B: Case 9 (Table 1). Postoperative lateral roentgenogram after triple arthrodesis in which 
two_staples were utilized for internal fixation, show ing restoration of the trabecular pattern across 
the arthrodesed joints 


the ankle, a lateral projection of the ankle and calcaneus, and an axial plantar) 
projection of the calcaneus. From our experience we believe that two additional, 
although previously described, projections are necessary: a lateral-oblique pro- 
jection of the caleaneus and an anteroposterior projection of the mid-tarsal 
joints. 

In the anteroposterior projection of the ankle joint, injuries of the ankle, 
as well as lateral spreading of the calcaneus (Fig. 3), can be detected. In addition 
to visualizing the fracture lines, the lateral projection permits the evaluation 
of the tuber-joint angle of Béhler (Figs. 4, 5-A, and 6-A), as well as the “ceiling 
line’ described _by,G. E. Wilson (Fig. 2). This line joins the anterosuperior with 
the posterosuperior angle of the calcaneus. Lateral roentgenographic interpreta- 
tion, as Was pointed out by G. E. Wilson in 1950, is also dependent on the position 
of the foot at the time that the roentgenogram is made; that is, whether the foot 
‘is inverted or everted. An axial (plantar) projection shows the medial malleolus, 
the lateral malleolus, the base of the fifth metatarsal, medial concave and lateral 
convex surfaces, the fractured sustentaculum tali (Fig. 6-B), and fracture of the 
posterior articular surface Fig. ad. 

The two additional projections used by us show involvement of the articular 
surface of the calcaneus at the caleaneocuboid joint, which is not evident in the 
conventional lateral projection. The lateral-oblique projection visualizes fractures 
involving this articular surface (Figs. 6-C and 6-D), as well as fractures involving 
the anterior process, Whereas the anteroposterior projection of the mid-tarsal 


joints shows fractures involving the articular surface of the calcaneus at the 


caleaneocuboid joint, which frequently are associated with a lateral spreading dis- 
placement of the lateral cortex at the joint (Fig. 8-B). As has been pointed out by 
Conn, depression of the articular surface and joint incongruity are also present. 
In the more severe fractures, medial subluxation of the talus at the talonavicular 
joint takes place (Fig. 9). There has been lack of emphasis on the importance of 
these two projections which portray fractures involving the anterior articular 
surface as well as any abnormality in the talonavicular‘joint. We believe that some 
of the unsatisfactory results encountered in the past with treatment other than 
triple arthrodesis are because of the lack of recognition of the associated injuries 
involving the two peritalar joints. Proper evaluation of the extent of the commi- 
nuted displaced fractures is only possible on the basis of these five roent genographic 
projections 
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CLASSIFICATION 
In 1952 Essex-Lopresti presented a classification of calcaneal fractures: 
‘roup |: Not involving subtalar (‘‘subtaloid’’) joint 
\. Tuberosity fractures 
1. Beak type (Boyer) 
2. Avulsion of medial border 
3. Vertical 
t. Horizontal 
B. Involving caleaneocuboid joint 
|. Parrot-nose type 
2. Various 
Group 2: Involving subtalar (‘“‘subtaloid’’) joint 
\. Without displacement 
B. Tongue type, with displacement 
(’. Centrolateral depression of joint 
1). Sustentaculum tali fracture alone 
Ik. With gross comminution 
|. From below (including severe tongue and joint-depression 
types) 
2. From behind forward, with dislocation, subtalar 


‘ 


‘sub- 
taloid’’) joint 

This paper considers only those fractures of the second group, W ith displace- 
ment and involvement of the subtalar joint. In B (tongue type with displace- 
ment), C (centrolateral depression of the joint), as well as E (with gross com- 
minution), decreased tuber-joint angle, comminution, and deformity are exhibited. 
We found that these fractures exhibit, in addition, extension forward of the 
fracture into the cuboid articular surface, with lateral spreading. Also common, 
and evident in the more severely comminuted fractures, is subluxation of the 
talar head at the talonavicular joint. Fracture of the cuboid articular surface 
of the caleaneus should alway s be considered as an aspect ol comminuted fractures 
of this bone because of its usual occurrence and the disability it produces. We be- 
lieve that the fracturing force bows the lateral cortex of the calcaneus like a barrel 
stave, producing the lateral spread of the bone and the extension of the fracture 
into the articular surface at the calcaneocuboid joint (Fig. 10) 


REVIEW OF TREATMENT 


In 1938 Goff presented a comprehensive review of the literature which in- 
cluded 151 references. The disability produced by comminuted fracture of the 
calcaneus Was recognized early, and in 1912 van Stockum reported open reduction 
with subtalar arthrodesis. Magnuson drew attention to the upward displacement 


of the, posterior fragment and, in 1917, recommended subcutaneous tenotomy of 
the Achilles tendon to eliminate this upward pull, combined with manipulation 
to break up the impaction and force the heel downward. He immobilized the foot 
in a plaster cast in a position of strong inversion and equinus. In 1923 he was the 


first to recognize the lateral piling up of bone beneath the external malleolus and 
recommended removing this mass and creating a trough for the peroneal tendons. 
This was followed by manipulation of the calcaneus, shifting it medially with the 
use of a wrench if the subtalar joint was not ankylosed and if manipulation was 
possible. Cotton also called attention to the disabling aspects of the piling up lat- 
erally, as did Cabot and Binney. 

With continued dissatisfaction with results obtained from closed manipula- 
tive procedures, attention was focused on surgical management. In 1927 P. D. 
Wilson pointed to the contributions of Conn, Allison, and Reich, who, in 1926, 
recommended arthrodesis of the subtalar joint. He reported twenty-six patients 
on whom he did twenty-eight subtalar arthrodeses. In his experience, early opera- 
tion—that is, on patients with recent fractures—gave the best results, with an 
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Fic. 6-A Fic. 6-B 


Fig. 6-A: Case 1 (Table II). Lateral roentgenogram of the calcaneus, showing a tongue-type 
lracture 

Fig. 6-B: Axial (plantar) roentgenogram of the caleaneus, showing a fracture of the sustentacu- 
lum tali 


Fic. 6-C Fic. 6-D 
Fig. 6-( Photog iph showing the positioning for the lateral oblique view, to show fracture 
involvement of the ealeaneocuboid joint, 
Fig. 6-D: Lateral-oblique roentgenogram of the calcaneus, showing the fracture extending into 
the cuboid articular surface 


average disability period of five and one-half months. Old fractures treated by this 
method did less well, with an average disability period of eight months. Wilson 
also performed an arthrodesis of the talonavicular joint in some instances, and 
found that results seemed to be improved by this addition. He was among the 
first to mention that occasionally the caleaneocuboid articulation is involved by 
the fracture. It is believed that his detection is of key importance, and one which 
has gone unrecognized by many subsequent investigators of the comminuted 
fracture. To further cite Wilson, he believed that a foot is better, solidly fused in 
a position of optimum function, than with limited motion, unfused and painful. 
He believed that there is no great amount of remaining motion, regardless of 
treatment 

In the following decade the pendulum swung back, and closed treatment 
came into vogue again. In 1931 Béhler deseribed his method, in which he utilized 
skeletal fixation with Steinmann pins in the tuberosity of the calcaneus and in the 
lower tibia. The significant feature of this method was the attempt to achieve 
an accurate reduction using the tuber-joint angle as a guide. This angle, which he 
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described, is formed by the intersection of 
a line drawn along the upper contour of 
the tuberosity and a line uniting the highest 
point of the anterior process with the high- 
est point of the posterior articular surface. 
This angle is usually 30 to 35 degrees. 
Bohler emphasized the significance of this 
angle in the diagnosis and reduction of frac- 
tures of the calcaneus, but when he used it 
as a guide to reduction he did not take into 
consideration the fact that even though the 
angle is restored, the joint surfaces may not 
be returned to normal nor may comminuted 
fragments be realigned. Bohier reported the 
ise of this method of treatment in 100 cases 
but he did not give end-result statisties. 
Axial (plantar) roentgenogram of the This method was somewhat uniformly 
calcaneus, showing the fracture of the adopted, with efforts directed to techniques 
posterior articular surface to restore the contour of the calcaneus. 
Conn, in 1935, was among the first to appreciate the extent of these fractures 
as well as to anticipate disability. He found 85 per cent of fractures of the cal- 
caneus to be of the smashed type. He pointed out, in his anatomical description, 
that frequently the sustentaculum tali is depressed and the subtalar joint dis- 
rupted. He also noted that the talonavicular joint is often subluxated and that the 
fracture involves the calcaneocuboid joint. He emphasized that, with these altera- 
tions in joint alignment and the resultant disturbance of the normal weight- 
bearing thrusts, the reason for both the pain and the failure of simple subtalar 
fusion is quite evident. He proposed a two-stage method of treatment. First, the 


Fic. 7 


impaction was broken up by using a heavy wooden clevis, and the fracture was 
immobilized by a modification of the Béhler technique. In the second stage, five 
weeks later, a triple arthrodesis was performed. He reported on nineteen fresh frac- 
tures treated by this method, with excellent results in all but two. Triple arthrod- 


esis on six old fractures gave five good results. 

Other modifications of the original Cotton procedure were described by 
Hermann in 1937 and by Goff in 1938. In 1943 Gallie reported his operative 
procedure of subtalar-joint fusion for which he used a posterior approach. He 








Fig. 8-A: Photograph showing positioning for the anteroposterior view of the mid-tarsals for 
visualization of the talonavicular and caleaneocuboid jomts 
=” Fig. 8-B: Anteroposterior roentgenogram of the mid-tarsal joint, showing the fracture extending 
into the caleaneocuboid joint, with lateral spread 
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‘roposterior roentgenogram of the mid-tarsal joint, showing the fracture 
extending into the caleaneocuboid joint and subluxation of the head of the talus (compare 
with Fig. 8-B 

Fig. 10: Drawing of the authors’ conception of the mechanism of fracture involvement 
of the cuboid articular surface 


Case 5 (Table 1). Lateral roentgenogram of a triple arthrod- 
@SIS, SIX and one-half years after operation, showing the staple 
transfixing the caleaneocuboid joint 


listed varus of the heel or other deformities as contra-indications. Harris, in 
1946, recommended a three-pin: type of traction, which he labeled tri-radiate 
traction, in which he used a ring with screw adjustments. Ten days after reduction 
he did a posterior subtalar fusion of the Gallie type through a window in the 
plaster and removed plaster and pins eight weeks later. He also recommended 
utilization of a Steinmann pin driven into the heel to pry up the depressed frac- 
tures; this was also recommended later by Gissane. Geckeler and Dick each re- 
ported his results of treatment by subtalar arthrodesis; Dick used grafts of can- 
cellous bone, either homogenous from the bone bank or autogenous from the iliac 
crest. Of the nine patients he reported, all showed sound fusions and returned to 
work within an average period of six and one-half months. In 1946 Pridie described 
excision of the calcaneus in the treatment of these severe fractures. He believed 
that this was indicated because of the disruption of the subtalar joint with the 
resultant stiffness, pain, and disability which usually follow this type of fracture. 
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TABLE I 
COMMINUTED FRACTURES OF THE CALCANEUS TREATED BY PRIMARY TRIPLE ARTHRODESIS 
IN PATIENTS wirHouT AssocraTED INJURY 


Roentgenographic Back to Work Resultt Length of 
Healing after Surgery Follow-up 
Patient ears) Se » Occupation Vonths Vonths) Years) 


Farmer : ) } 2 
Teacher } 7 


Tobacco laborer 


‘ 

7 

Construction a.é ) ; l 
worker 


Roofer 3 4 6.5 


NMover 

Truck driver 
Exercise boy 
Farmer 

Farmer 

Tobace 0 worker 
Lumber worker 
Laboret 

NI ison 

Farmer 
Tobacco laborer 
Contractor 
Carpente! 
electrician 


tk 


_ ympensable « ises excellent G good: 


Bilateral fracture 


rhe results in two of the fifteen cases he reported were not satisfactory, and 
amputation Was necessary in one. 

In 1948 Palmer described open reduction and elevation of the depressed 
fragment of the posterior articular surface after a transfixion wire was placed 
in the tuber calcanei in order to apply downward and backward traction. The 
cavity left by elevating the fragment was filled with a graft of cancellous bone 
from the ilium. Essex-Lopresti, in 1952, described open reduction, pointing 
out that in 1902 Morestin first advocated open reduction. Open reduction was 
also described later by Leriche in 1913, by Lenormant, Wilmoth, and Lecoeur in 
1928, and by Bérard and Mallet-Guy in 1929, as weil as by Simon and Stultz in 
1931. In the procedure described by Essex-Lopresti a graft was not used in the 
early cases since it was found that the cavity filled with cancellous bone and was 
not visible roentgenographically after eight weeks. However, if the operation was 
not performed within two weeks of injury, there was the likelihood that the cavity 
would not fill with new bone. In 1955 Allan and Maxfield and MeDermott reported 
their experiences with open reduction and bone-grafting, using the technique 
described by Palmer. Whittaker, in 1947, described open reduction through a 
medial approach done on three patients; his eight-year follow-up was reported in 
1954. In 1957, Thompson and Hughes and Leonard recorded their results after 


open reduction and grafting. Leonard used homogenous bone in order to avoid 


disability at the donor site 


RATIONALE AND INDICATIONS FOR TRIPLE ARTHRODESIS 
From the literature it would appear that comminuted, displaced, calcaneal 
fractures cannot be successfully treated by closed manipulative procedures. 
K’ssex-Lopresti defined the comminuted fracture as one which has a primary frac- 
ture line which involves the body anterior to the posterior articular surface and a 
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TABLE II 


CoMMINUTED FRACTURES OF THE CALCANEUS TREATED BY PRIMARY TRIPLE ARTHRODESI 
IN PATIENTS WITH AssocrIATED INJURY 


toentgenographic Back to Work Length of 
Age Healing after Surgery Follow-up 
Patient (Years Se » Occupation Vonths) (Months fesult f Years) 


20 M Student 

32° M tiveter 

14* M Carpenter 

21 I Housewife 

30, M , Druggist 

59* y M P Carpenter 
Averages: 


*Compensable cases rh, excellent; G good; F Pat 


secondary fracture line which traverses the body just behind the joint. The frag- 
ment outlined by these fracture lines includes the lateral half or lateral two-thirds 
of the posterior articular surface. When displacement occurs this fragment is 
driven downward while the tuberosity is driven upward. The primary fracture 
line opens inferiorly, and there is associated widening of the body of the calcaneus 
due to lateral displacement of the fragments. In addition, as demonstrated in our 
cases, another fracture line extends forward on the lateral side into the articular 
surface at the calcaneocuboid joint 


In the past, arthrodesis of the involved joints has been recommended by 


various investigators on the assumption that irreparable damage to the articular 
surfaces has occurred and that aseptic necrosis of some of the fragments and 
arthritic changes will supervene. A one-joint or subtalar fusion was recommended 
at first. Then a two-joint arthrodesis including the subtalar and talonavicular 
joints was recommended by Wilson in 1927. Finally, a three-joint or triple arthrod- 
esis Was advocated in 1935 by Conn and subsequently by Geckeler who empha- 
sized the Importance of doing a triple arthrodesis when the caleaneocuboid joint 
was involved. With the realization that the caleaneocuboid joint is frequently 
involved it is our feeling that more surgeons will want to recommend triple 
arthrodesis. 

By appropriate roentgenographic technique we have been able to identify the 
comminuted displaced fractures which disrupt the subtalar joint and invoive the 
cuboid articular surface of the calcaneus at the caleaneocuboid joint as well as 
cause alteration of the tuber-joint angle and lateral spreading. Patients with 
these fractures have been selected, irrespective of their age, for primary triple 
arthrodesis. Twenty-five patients with twenty-six fractures treated by this tech- 
nique are reported in this study 


PREOPERATIVE CARE 

Care before surgery varied, depending primarily on the general condition of 
the patient and on the interval between injury and examination. Surgery was un- 
dertaken promptly before there was marked swelling if the patient was seen early. 
When the patient was not seen early, and when swelling was significant, general 
supportive measures were used until the local skin condition was believed to be 
satisfactory for operation. In some instances it was necessary to wait for edema 
blisters to heal, particularly when the fracture was severe and the patient had 
not been referred for treatment until several days after injury. In six instances, 
operation was delayed because associated injuries did not permit early surgery. 


SURGERY 


Surgery, in all cases, consisted in primary triple arthrodesis (talocalcaneal, 
talonavicular, and caleaneocuboid). In no instance was there an attempt to reduce 
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or improve fracture alignment by closed procedures. The operation is performed, 

using tourniquet control, with the patient inclined to the opposite side. The 

hip and knee are flexed approximately 30 to 40 degrees; the leg, ankle, and inner 

foot are placed on a sandbag so that the heel extends over the edge into varus 

position. The skin incision is of an Ollier type, which extends from the region 

* the lateral border of the extensor tendon near the talonavicular joint, transect- 

‘ sinus tarsi and continuing posterior to an area an inch inferior to the 

al malleolus. The skin is reflected with the underlying soft tissue and 

not be undermined. The origin of the short extensor muscle is then 

reieeted distally, and the sinus tarsi is entered. The dissection is extended to 

expose the calcaneocuboid joint, the talonavicular joint, and the talocalcaneal 
joint. The extent of the fracture of the calcaneus is then observed. 

In each instance an attempt was made to accurately tabulate the findings at 
surgery, With particular reference to the fracture of the cuboid_articular, surface 
and of the subtalar joint. In some instances the peroneal tendon sheath, was 
opened and the tendon reflected, in order to better expose and visualize the ex- 
tent of the fracture. Frequently, the anterior process of the calcaneus was frac- 
tured and displaced. Whether fractured or not, it is removed, and the calcaneo- 
cuboid joint is resected. The capsule of the talonavicular joint is opened, and 
exposure is facilitated by stripping the capsule on its medial aspect with a Hatt 
spoon. This joint is then removed, and the subtalar joint is excised. This can 
be facilitated by removing the anterior margin of the posterior calcaneal articular 
surface of the talus which projects downward and anteriorly and somewhat ob- 
scures the joint. The cartilaginous surface of the talus is first removed, affording 
better visualization of the articular surface of the calcaneus and its comminuted 
pieces. Small, loose fragments are removed, and their articular surfaces are 
denuded before they are replaced. The depressed articular surfaces are elevated 
by means of an osteotome, which is placed between or beneath them. Manual lat- 
eral and medial compression helps to stabilize their position. Control of the 
fragments temporarily can be secured by means of a Kirschner or threaded wire 
introduced through the lateral cortex to facilitate denuding of the articular 
area. Removal of the cartilage from the middle articular surface is facilitated by 
means of stabilization with a pin inserted from the medial aspect of the foot. 
General reduction and apposition of the denuded surfaces are accomplished under 
direct vision. In most instances a staple is used to secure the caleaneocuboid 
joint (Fig. 11). The lateral fragment is manually compressed to eliminate any 
lateral piling up. A Kirschner wire is then inserted through the heel pad into 
the lateral fragment or cortex to prevent recurreiice of lateral spread and to secure 
it soundly to the talus. In some instances a second staple has been placed from 
the lateral border of the calcaneus into the talus to prevent recurrence of lateral 
displacement (Fig. 5-B). Pin fixation has been utilized, as deemed necessary, 
to properly secure apposition of the denuded surfaces, as Caldwell recommends 
for triple arthrodesis. Occasionally, a second wire has been placed through the 
heel pad into the medial fragment of the calcaneus to secure it when there has 
persisted a tendency for it to be displaced. It has been found that contact, align- 
ment, and stability are accomplished by the use of staples and Kirschner wires 
or pins. The extensor-muscle origins are replaced, and soft tissue is reapproxi- 
mated. A leg plaster cast is applied, incorporating the plantar wires or pins, and 
the tourniquet is then released. 


POSTOPERATIVE MANAGEMENT 


The care after surgery is as usual for a triple arthrodesis, including proper 
elevation of the leg. The degree of comfort encountered, after the first twenty- 
four to forty-eight hours, in patients who undergo triple arthrodesis early is sur- 
prising when compared with that in patients whose associated injury necessitates 
delay. The patient is usually allowed up in a wheel chair on the third or fourth 
postoperative day, and walks with crutches on the seventh to tenth postoperative 
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day. The plaster cast is changed, with wire removal, during the fourth or fifth 
week. Weight-bearing in a plaster cast is started at eight weeks, and, three to 
four weeks later, the plaster cast is removed and physical therapy to the ankle 
is instituted. The patient is either fitted with a leg brace or high-top shoe, and 
weight-bearing with crutches is started. 

OPERATIVE FINDINGS 

The extent of the fracture, as noted when surgically exposed, was somewhat 
consistent with the roentgenographic interpretation of the injury; almost uni- 
formly, however, the severity of the fracture was found to be greater than sus- 
pected. The appearance of the fracture was scrutinized in all roentgenograms prior 
to surgery, and an attempt was made to determine whether the fracture involved 
the cuboid articular surface. This involvement was shown by roentgenogram in 
twenty-five fractures and was verified in all of them at the time of operation. The 
involvement of the subtalar joint by the fracture was always found to be more 
extensive than was anticipated from the roentgenographic evaluation. Frequently, 
small, comminuted,* detached, articular fragments were found which, in some 
instances, had been"driven deep into the cancellous area. With fracture of the 
sustentaculum tali and associated longitudinal split in the posterior articular 
surface, the two articular surfaces formed a V, with fragments which had been 
driven down below the articular level. It was impossible to properly replace some 
of the smaller comminuted fragments, and it seems impossible to accomplish ana- 
tomical reduction of such a joint by closed or open procedure. The subluxation of 
the talus at the talonavicular joint was noted in some of the more severe injuries, 
but not with the frequency with which the fracture involved the cuboid articular 
surface. 

ANALYSIS OF CASES 

The data for the patients under study are presented in Table I and Table IT. 
In order to reflect more precisely the result of primary triple arthrodesis, these 
patients have been divided into two groups: those without associated injury 
(Table I) and those with associated injury (Table II). The ages of the twenty- 
five patients treated ranged from twenty to sixty years, with an average of 41.4 
years. Twenty-four patients were male; one was female. In Table I are included 
patients 5, 8, and 10 who had bilateral fracture of the calcaneus; Patient 5 had 
bilateral comminuted fractures; Patient 8 and Patient 10 had undisplaced frac- 
tures of the left caleaneus, which did not involve either the subtalar or calcaneo- 
cuboid joint and did not require operative treatment 

Of the twenty-six primary triple arthrodeses which were done, sixteen were 
on the right and ten were on the left. Twenty-one of these patients were laborers; 
fifteen of them had compensable injuries. Three other patients had injuries which 
involved liability claims. 

The associated injuries, as listed in Table II, were those of: Patient 1, who 
had fracture of the second lumbar vertebra; Patient 2, who had comminuted frac- 
ture of the mid-shaft of the right humerus; Patient 3, who had fracture-dislocation 
of the left humeral head; Patient 4, who had multiple fractures involving the pelvis 
with acetabular displacement and a compound, comminuted fracture of the mid- 
shaft of the right femur; Patient 5, who had supracondylar fracture of the right 
femur and bimalleolar fracture of the right ankle; and Patient 6, who had an 
extensive comminuted fracture of the right tibia, involving the ankle joint, with 
displacement, necessitating ankle fusion. 


RESULTS 


The patients reviewed include all those on whom a primary triple arthrodesis 
was performed from 1948 through 1956. The duration of follow-up ranged from 
six months to more than nine years, with an average follow-up of 3.8 years. 

Healing time of the triple arthrodesis, as judged roentgenographically by 
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restoration of trabeculae across the arthrodesed joints, averaged 3.2 months. 


Those patients without major associated injury returned to work on an average 
of six months after surgery, whereas those with associated injury required an 
average of eight months before returning to work. All patients returned to their 
former employment. The average time after surgery at which the twenty-five 
patients went back to work was 6.5 months. The average time at which the 
twelve patients with compensable injuries without associated injury returned 
to work was 5.3 months, whereas those of this group who did not sustain industrial 
injury returned to work in 7.3 months 

There was one complication, consisting of drainage, which began approxi- 
mately six weeks after operation; culture and smear were negative. A staple at the 
calcaneocuboid joint was removed approximately four months after surgery, but 
minimum drainage persisted. Sequestrectomy of a bone fragment at the caleaneo- 
cuboid joint was performed approximately eighteen months after triple arthrod- 
esis. This patient died two and one-half years after his injury from a rupture 
of an aneurysm in the circle of Willis; prier to his death, healing had occurred. 
Roentgenographically, this patient had a pseudarthrosis of the calcaneocuboid 
joint, resulting from sequestration of a fragment of bone at this joint. A pseud- 
arthrosis at the talonavicular joint developed in another patient, but neither 
of these patients had symptoms referable to their pseudarthroses. 

Twenty-one patients (84 per cent) were rated as having obtained excellent 
results. These were those who returned to their former occupations with no pain 
and no restriction of their activities. The loss of inversion and eversion which 
resulted from the primary triple arthrodesis was not considered by the patients 
to restrict any activity which they wished to perform. There was no detectable 
alteration in gait. Three patients (12 per cent) were rated as having obtained 
good results; they returned to their former occupations and had no serious in- 
terference with their activities although they all had a mild limp, mild discomfort, 
or some minor complaint. One patient was rated as having a fair result because 
of postoperative drainage; he, however, experienced no pain or restriction of 
physical activity and he walked with a normal gait. In some feet there was 
residual broadening of the heel, which has not, however, produced any functional 
impairment or symptoms 

In two patients with long-term follow-up, an exostosis developed on the 
dorsal aspect of the neck of the talus. This occurred in one of the feet of the 
patient who had had bilateral primary triple arthrodesis. Whether this condition 
results from the injury or from some other cause is not known. There was no sig- 
nificant impairment of ankle motion except in the one instance of an exostosis, 
as just described, in which there was 10 degrees of restriction of dorsiflexion. 

An interesting observation was made in two patients who had had bilateral 
fractures of the calcaneus which were treated by a primary triple arthrodesis for the 
comminuted fracture on one side and by a short period of immobilization in a 
plaster cast for the undisplaced fracture on the other side. When re-evaluated, 
four and one-half and five years later, respectively, both patients stated that the 
foot treated by triple arthrodesis was more comfortable than the other foot. 


CONCLUSION 
From this study it has been found that the severe, comminuted, displaced 
calcaneal fracture is associated with involvement of the two peritalar joints 
consisting of fracture of the articular surface of the calcaneus at the calcaneo- 
cuboid joint and, in some instances, associated subluxation of the talar head at 
the talonavicular*joint. ‘The conventional projections are not adequate for the 


° 
roentgenographic-examination of the comminuted, displaced, fractured calcaneus, 
and two additional projections as described are necessary. Involvement of the two 


peritalar joints affords an explanation for some of the unsatisfactory results re- 
ported in the past. We believe that the injury to the talocalcaneal joint is irrep- 
arable and that fusion of this weight-bearing joint is necessary. The associated 
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injuries of the two peritalar joints similarly prevent the restoration of their 
normal function. It has been our experience that triple arthrodesis as the initial 
primary treatment of these fractures has given extremely gratifying results. 
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DISCUSSION 

Dr. Joun HamMirron ALLAN, CHARLOTTESVILLE, VIRGINIA: Fractures of the calcaneus con- 
tinue to remain the most disabling of all industrial injuries. One reason for this is that poor end 
results have been obtained by the various methods of closed reduction, and the discouraged sur- 
geon, not caring to do arthrodesis or an open reduction, has concluded that simple immobilization 
is as good as any form of treatment 

There are several observations made in this paper which deserve emphasis: 

1. It is imperative not to negiect this fracture, but to treat it early and definitively in order to 
prevent disability 

2. Comminuted fractures of the calcaneus cannot be treated successfully by any of the closed 
manipulative procedures 

3. Multiple roentgenograms projected as described are essential to reveal the major fracture 
lines and to determine whether the caleaneocuboid and talonavicular joints are involved. The 
extent of the fracture damage is always much greater when visualized directly than it is in the 
roentgenogram 

1. The caleaneocuboid joint is involved in so many of these fractures that, as a general prin- 
ciple, the results with arthrodesis are somewhat better than they are with subtalar fusion. 

Finally, in the technique of their operation the authors state that reduction and apposition 
of the fractured surfaces are accomplished under direct vision. This is of significance because it is 
an accepted orthopaedic principle that joints should be fused in their normal anatomical and 
functional position. When applied to the comminuted displaced calcaneus, this means that the 
tuberosity must be pulled down, the posterior articular facet elevated to its normal position, and 
the lateral spread corrected at the time of the fusion so that a good functional position of the foot 
is retained 

In one respect our experience with these fractures does not agree completely with that of the 
authors. This paper deals with comminuted fractures involving the subastragalar joint, and the 
classification includes those with centrolateral depression of the joint. The authors stated that these 
fractures all exhibit extension forward into the cuboid articular surface. It is agreed that when the 
fracture line disrupts the caleaneocuboid joint, arthrodesis is indicated. However, there are many 
fractures of the calcaneus which present primary or secondary depression of the posterior articular 
facet and which do not extend forward into the caleaneocuboid joint. These are the ones which 
respond beautifully to an open reduction, elevation of the posterior articular facet, and insertion 
of a bone graft into the compression cavity as described by Palmer. Some !ateral motion through 
the foot should be preserved if possible. 

I must conclude, therefore, that most comminuted fractures of the calcaneus will require the 
treatment advocated in this paper. However, the treatment must be designed to fit the pattern 
of the fracture, and, in many carefully selected cases, open reduction and retention of the reduction 
by the Palmer technique will give an excellent result and preserve the lateral motion through the 
loot 
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The purpose of this survey was to obtain information which would be helpful 
in evaluating various services to juvenile and young-adult amputees. The term 
juvenile amputee is used by us more broadly than in the usually accepted defini- 
tion, as the Division gives service to amputees from the time of referral until 
they are twenty-one years of age. The age groups were-evaluated as preschool 
(under five years old), young school-age, and preadolescent (six to twelve years 
old), adolescent (thirteen to seventeen vears old), <cnd young adult (eighteen 
years old and over). The amputees under discussion were under the medical super- 
vision of clinies throughout the State. The interest of the orthopaedists and their 
training in amputee rehabilitation varied widely. 

In general, the personnel within the various disciplines (orthopaedists, physi- 
atrists, pediatricians, therapists, psychologists, nurses, medical social workers, 
prosthetists) with whom we got in touch agreed that the most effective approach 
to the rehabilitation of amputees is an integrated program involving psychological 
preparation of the juvenile amputee and his parents; surgery as needed, with 
aftercare of the stump preparatory to the prosthetic fitting; selection of and fitting 
of the prosthesis most suited to the amputee’s needs; training in the use of the 
prosthesis; and follow-up evaluation of the patient’s ability to adjust to daily living 
function and to undergo eventual vocational rehabilitation. The questions in this 
study were therefore designed to obtain information regarding these factors. 

The questionnaire (see appendix) was sent out in April 1955 to parents of 
juvenile amputees who had been fitted with prostheses by the University of Illinots 
Division of Services for Crippled Children from July 13, 1945, to March 9, 1955. 
The latest recipient of a prosthesis had had it for two months and two days at the 
time of the questionnaire. A total of 363 questionnaires were sent: 197 were re- 
turned, but 15 were not used in this report because of meager or incomplete 
replies. The number not returned was 121; 45 were returned undelivered. In eval- 
uating the results of these questionnaires an attempt was made to determine 
whether or not we had improved the juvenile amputees’ adjustment to life, guided 
them toward as full independence as possible, and helped them as individuals to 
find their places in our whole society. 


STATISTICAL STUDY 
This study included 182 amputees with 198 amputations of whom 124 (68.1 
per cent) were male and 58 (31.9 per cent) were female. The greater number of 
male amputees is due to a higher incidence of traumatic and congenital amputa- 
tions as well as to a higher incidence of amputations caused by disease (infee- 
tions and arterial insufficiency) among males in this series. Of the amputations, 
94 (51.65 per cent) were traumatic; 71 (39.01 per cent) were congenital; 10 (5.5 
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per cent) were due to malignant growths; and 7 (3.85 per cent) were due to dis- 
ease. In the group of 124 male amputees, 73 amputations (59 per cent) were 
traumatic; 41 (33 per cent) were congenital; 5 (4 per cent) were due to disease; 
and 5 (4 per cent) were due to malignant neoplasms. Of the 58 female amputees, 
30 amputations (52 per cent) were congenital; 21 (36 per cent) were traumatic; 
5 (9 per cent) were due to malignant growths; and 2 (3 per cent) were due to 


dlise ase 


per cent) male patients; the amputations were: 10 below the elbow, 19 above the 
elbow, 29 below the knee, 11 above the knee, and 4 were multiple. There were 
21 (22.3 per cent) female patients; the amputations were: 1 below the elbow, 3 
above the elbow, 9 below the knee, and 8 above the knee. 

(mong the patients with congenital amputations there were 41 (57.7 per cent) 
misale patients ; the amputations were: 10 below the elbow, 3 above the elbow, 16 
below the knee, 5 above the knee, and 7 were multiple. There were 30 (42.3 per 
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Cart I 
Causes of 94 traumatic amputations 


cent) female patients; the amputations were: 12 below the elbow, 1 above the 


elbow, 8 below the knee, 7 above the knee, and 2 were multiple. 


In the group of patients with amputations resulting from disease, there were 
5 (71.4 per cent) male patients; the amputations were: 4 below the knee and 1 
above the knee. There were 2 (28.6 per cent) female patients; the amputations 
were: 1 each above and below the knee 

In the group of patients with amputations required because of malignant 
neoplasms, there were 5 (50 per cent) male patients; the amputations were: | 
below the knee and 4 above the knee. There were also 5 (50 per cent) female pa- 
tients; the amputations were: 1 below the elbow, 1 below the knee, and 3 above 
the knee. 

When the numbers of patients having amputations due to both neoplasms 
and disease were combined, there were 10 (58.8 per cent) male and 7 (41.2 per 
cent) female patients. 

The types of amputations in this series were classified rather simply as being 
either above or below the elbow in the upper extremity or above or below the 
knee in the lower extremity. More technical studies indicate the size of the stump 
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in inches or designate the stumps as short, medium, or long, or above or below a 
joint. Further classification, in regard to the upper extremity, may specify shoul- 
der, elbow, or wrist disarticulation, and partial hands; in regard to the lower 
extremity it may specify hemipelvectomy, hip, knee, or ankle aisarticulation, and 
partial feet. We did not believe that such distinctions could be made in this type 
of study, and the questionnaire was incomplete in this respect. 

The greatest number of amputations—94—were due to trauma; the causes 
are listed in Chart I. It is evident that more emphasis is needed on educational 
measures to prevent accidents caused by automobiles, trains, motoreyeles, farming, 
and firearms. Immediate care of even supposedly minor injuries is also indicated. 
For example, two amputations in this series were necessary after one youngster 
crushed his finger in a door and tetanus and gas gangrene developed and after 
another youngster cut his foot on a can in a fall and a chronie osteomyelitis 


developed 


EJ Males 
= Females 


Age in Years 





i 
30 
Number of Amputees 
Cuart II 


Age of the amputee when the questionnaire was sent 


These accidents occurred at ages which ranged from Ll. to 19 years. The 
group 6 to 12 years of age was the most vulnerable to accidents leading to amputa- 
tions, since 40 (42.55 per cent of all accidents) occurred in this age group. The 
preschool group was next with 24 (25.53 per cent). The teen-age group (13 to 17 
years) was a close third with 22 (23.41 per cent). This indicates the need for 
more intensive programs in safety education and accident prevention, closer 


supervision by parents or other responsible adults, and the removal of so-called 


attractive nuisances. 

In the group of 71 congenital amputees were included 39 youngsters born 
with an amputated extremity; 27 who had an anomalous extremity leading to a 
conversion amputation of whom 2 also had a true amputation; and 5 with a con- 
genital defect of the vascular or lymph system which led to surgical amputation. 
Of the congenital amputations, those below the knee occurred most frequently, 
followed in order by those below the elbow, above the knee, multiple, and, lastly, 
above the elbow. Here it seems that in congenital amputations, the right side is 
more likely to be involved, since, in 62 patients with unilateral congenital am- 
putations, 40 (64.5 per cent) had right-sided involvement as against 22 (35.4 per 
cent) with left-sided involvement. 

The 10 amputations for malignant growths were because of: liposarcoma, car- 
cinoma, sarcoma, fibrosarcoma, neurofibroma, and Ewing’s sarcoma. The 7 ampu- 
tations due to disease were because of: osteomyelitis, Pott’s disease, and emboli. 

The greatest number of referrals, which was 112, to this Division were from 
doctors or ancillary medical services; 53 were from the family physician; 34 were 
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from the public-health nurse; 1 was from the surgeon; 24 were from the hospital 
staff; 30 were from the limb-manufacturing companies; and 32 were from some 
other souree (school staff, social or welfare agencies, friends, and the like). In 8 
instances this question was not answered. 


AGE DISTRIBUTION 


At the time of this study the age distribution was 18 months to 27 years 
(Chart II). As stated earlier, this questionnaire was sent to all the juvenile am- 
putees who were fitted with prostheses by the University of Illinois Division of 
Services for Crippled Children between July 13, 1945, and March 9, 1955. Only 
about one-fourth of the amputees in this study were under the care of the Uni- 
versity of Illinois Amputee Clinic, which was established in 1952. About one- 
third of the amputees were first fitted with prostheses at 12 or more years of 
age, which accounts for the high upper-age limit at the time the questionnaire 
Was sent 

The age at which the youngsters were first fitted with prostheses ranged 
from 9 months to 20 vears. Seventy-four patients (40.66 per cent) were fitted 
with 80 prostheses in the group 6 to 12 years eld; in the group 0 to 5 years old, 
which was next, there were 56 patients (30.77 per cent) fitted with 58 prostheses ; 
in the group 13 to 17 years old, which was third, there were 41 patients (22.53 
per cent) fitted with 45 prostheses; in the group 18 years and older, which was 
last, there were 11 patients (6.04 per cent) fitted with 11 prostheses. In all age 
groups, the majority of amputees who were fitted with prostheses had acquired 
amputations except in the group 0 to 5 years old, where the majority had con- 
genital amputations. 

In the group with below-the-knee amputations, the greatest number were 
fitted with prostheses in the age group 0 to 5 years old followed, in order, by the 
groups 6 to 12, 13 to 17, and 18 and over years old. The youngest below-the-knee 
amputee was fitted with a prosthesis at 9 months of age. In the group with above- 
the-knee amputations, the greatest number fitted with prostheses were in the 
group 6 to 12 years old followed, in order, by the groups 0 to 5, 13 to 17, and 18 
and over years old. The youngest above-the-knee amputee was fitted with a 
prosthesis at 13 months of age. Some lower-extremity amputees were fitted with 
pylons when they were less than 9 months old. 

The 60 patients with unilateral upper-extremity amputations were first fitted 
with prostheses when they were from 3 to 20 years of age. In the group with 
amputations above the elbow and in the group with amputations below the el- 
bow, the majority were first fitted with prostheses in the age group 6 to 12 years 
old followed, in order, by the age groups 13 to 17, 0 to 5, and 18 years and over. 
The youngest below-the-elbow amputee was fitted with a prosthesis at 3 years 
of age; the youngest above-the-elbow amputeé, at 5 years of age. 


SURGICAL PROCEDURES 

With acquired amputations, reconstructive or reparative surgery may be 
required, either initially or for revision of the stump. It is important for the 
surgeon to keep in mind the fitting of the prosthesis at the time of surgery, 
whether it be the initial surgery or revision of the stump *:*. Surgical problems 
of juvenile amputees differ from those of adults *. In this study no definite con- 
clusions could be drawn concerning the results of the surgery. The question con- 
cerning this was not only poorly worded but also failed to cover the various 
aspects of this subject. Some of the patients or their families or both thought 
that this question related only to surgery being necessary after the child was 
referred to this Division for a prosthesis. Several interesting factors were noted: 
the younger the child at the time of the initial amputation, the greater was the 
likelihood of one or more revisions being necessary; and the below-the-knee 
amputees, followed by the above-the-elbow amputees, had more revisions than 


THE JOURNAL OF BONE AND JOINT SURGERY 





A QUESTIONNAIRE SURVEY OF JUVENILE AMPUTEES 1441 


those in other groups. Some youngsters had as many as three revisions. We did 
not find a single below-the-elbow amputee who had a revision because of over- 
growth of one or both of the forearm bones at the distal end of the stump. 

The surgical procedures on most of the lower-extremity congenital anomalies 
were performed to convert a deformed extremity to an amputation. Most of 
these amputees had had other treatment previously, including casts, braces, 
built-up or extension shoes, and other surgical procedures such as subtrochan- 
teric osteotomy, bone grafts, growth arrest of the normal leg, and surgical cor- 
rection of a chronic dislocating patella. Three below-the-knee amputees with 
short femora were treated by arthrodesis of the knee and were then fitted with 
above-the-knee prostheses. There were fewer stump revisions in this group of 
amputees than in groups whose amputations were owing to other causes. Rarely, 
except in congenital lymph hemangiomata and arteriovenous fistulae, is a con- 
genitally deformed upper extremity amputated. Surgery—such as the removal of 
rudimentary nubbins, the correction of other deformities (such as webbed fin- 
gers), and derotation osteotomies—was done in the upper-extremity amputees. 
Some parents refused to ‘allow the recommended amputation because they 
lacked understanding of the child’s deformity. Other parents preferred to wait 
unti! the child could make the decision. One child in this study was 19 years old 
before he requested surgical treatment. 

Systematic stump hygiene is important **. The doctor, nurse, and therapist 
should give definite instructions. The following is suggested: the stump should 
be cleansed daily with a mild soap (in specific instances a germicidal soap may 
be recommended), dried thoroughly by patting rather than rubbing, and aired 
at intervals, especially in cases of excessive perspiration. Stump socks, if they 
are worn, should be clean (it is important to give instructions as to the care and 
laundering to keep them soft and to reduce shrinkage). Cleaning the sockets of 
the prostheses is especially important if stump socks are not worn. Close watch 
for redness or break in skin or any other signs of irritation is essential so that 
prompt treatment may be given as necessary. 

According to the replies to the questionnaire, 75 amputees or parents had 
received some instructions, whereas 26 had had none, and 4 misunderstood the 
question and gave answers concerning the care of their prostheses. In 77 in- 
stances the question was unanswered. Several amputees or parents indicated 
that their only instructions were given to them by the prosthetists. It is fortu- 
nate that skin problems are not common in juvenile amputees. Many of the am- 
putees in this series had amputations prior to their referral to this Division. 
This does not excuse the failure to give these patients instructions in stump 
care or to at least review them. It may be that instructions were given but not 
sufficiently stressed. Perhaps they need to be repeated several times. The an- 
swers to this question emphasize the need for the responsible personnel to review 
the instruction in stump care more completely with the amputees or their par- 
ents, or both. 


ATTITUDES OF PARENTS 

The education of the family is of the greatest importance since the parents 
supervise the child’s total care, and the child interprets his defect according to 
what it means to his parents. Once the parents have insight into the total pro- 
gram of habilitation, or rehabilitation, as the case may be—just being reconciled 
to the defect, is not enough—a plan can be worked out for the child ':**. Of the 
182 replies, 165 persons said that they understood the findings and recommenda- 
tions of the clinician and the other members of the clinical staff as to plans for 
their children; 3 said that they needed more interpretation; and 14 did not re- 
ply. From these replies, it would seem that most of the families have had no 
problems from this standpoint, but that this obviously was not so was indicated 
in replies to other questions. In 29 instances the parents said that they felt the 


VOL. 41-A, NO. 8, DECEMBER 1959 





1442 . N. LAMBERT AND JEAN SCIORA 


need for more time at the clinie (some of them had previously said that they 
understood what had been said to them). The parents of above-the-elbow and 
above-the-knee amputees felt this need more than parents of the other amputees. 

Most of the parents replied to the third part of this questionnaire concern- 
ing how the staff might be more helpful. Some parents said that the clinicians 
expeeted too much from the children. Other parents stated that the clinicians 
did not expect enough and could get the children to do more. Many wanted to 
know how to help the child overcome his self-consciousness. 

All but 1 parent indicated that their children had accepted the idea of being 
fitted with a prosthesis. The replies to the two subsections of this question re- 
vealed, however, that the children (or perhaps the parents themselves) had not 
accepted the idea of a prosthesis. For example, although only 1 parent said that 
his child did not accept the idea of a prosthesis, 52 parents replied to part (a) of 
question 5, and of these, 33 said that they had discussed this problem with the 
clinic staff. Many parents explained in part (b) of this same question how they 
helped their children’s attitudes toward prostheses. Some said that they com- 
pared prostheses to false teeth. Others said that their youngsters were too young 
to know and therefore accepted the prosthesis. Some complained that the pros- 
theses were recommended too early (in the cases of upper-extremity amputees 
only) Many urged amputees to be fitted with prostheses as early as possible. 
Some asked for pointers on how to explain the usefulness of the prostheses to 
the child 

Several parents gave information regarding the assistance that they gave 
their youngsters in dealing with the curiosity of, and teasing by, others. Some 
parents suggested that other amputees visit their youngsters to see how much 
could be accomplished. Some parents (of congenital amputees only) suggested 
that parents’ clubs be formed. It would seem from this that these parents feel a 
greater need for this type of group therapy. Classes for parents of congenital 
iumputees have been found helpful at the Kessler Institute for Rehabilitation *. 

The parents of patients with acquired amputations accepted the defect and 
the use of a prosthesis more readily than the parents of the congenital amputees 
Several parents of children with upper-extremity amputations (both congenital] 
ind acquired) were more interested in hiding the deformity than in function 
Some believed that the prosthesis made the deformity more obvious. Several 
parents of upper-extremity amputees stated that they had not cooperated in 
helping their children use their prostheses, but would do so in the future Many 
parents of children with lower-extremity amputations (congenital and aequired) 
stated that very few outsiders knew of their child’s amputation. Some parents 
were very hostile toward s ty. A few suggested issuance of inexpensive, in- 
formative pamphlets 

There seemed to be a definite correlation between the parental acceptance 
and the child’s adjustment to not only his amputation and prosthesis, but also to 
his general adjustment in his daily activities. Some parents encouraged a variety 
of activities; others suggested how parents might introduce new activities for 


their youngsters; and still others asked to have their youngsters excused from 


certain activities in school or other group activities. 


PROSTHETIC FITTING AND ADJUSTMENT 

\ prosthesis should not be prescribed unless the child is physically ready 
und the parents are mentally, emotionally, and socially ready for it. The child’s 
readiness is strongly dependent on the readiness of his parents. Sometimes it 1s 
necessary to delay prescribing a prosthesis if the amputation is done for a ma- 
lignant growth. The child should be checked periodically, both clinically and by 
roentgenograms, for the presence of metastases. Six months is the usual period 
allowed to lapse before prosthetic prescription. The periodic check-ups for metas- 
tases should continue after the prosthesis is provided. 
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In this study, the interval between the surgical amputation and the pros- 
thetic fitting varied from 1 month to 11 years after operation, excluding the 
cases with malignant growths. Most were fitted within a year after operation. 
Some of the upper-extremity amputees were not fitted for several years, particu- 
larly those patients seen prior to 1951, principally because of the types of pros- 
theses available at the time. After 1951, the latest developments in upper-extrem- 
itv prostheses were made available to us. 

A total of 182 amputees were fitted with 194 prostheses. In 65 amputees 
with 73 amputations (26 above the elbow, 34 below the elbow, and 5 multiple) 
the patients were fitted with upper-extremity prostheses and the following termi- 
nal devices: hooks only, 34; hands and hook, 27; and hand only, 4. In many in- 
stances, the hooks and hands were provided at the same time. Prior to 1951, 
only cosmetic or dress hands were provided. After 1951, APRL hands became 
available and were supplied to 9 amputees in this study. The current practice 
at the University of Illinois Hospitals Amputee Clinic is to provide an APRL 
hand (if the child’s natural hand is near the size of the currently available 
APRL hand) only after he has learned to use his hook well and is wearing his 
prosthesis regularly. Cosmetic or dress hands are seldom recommended, and 
therefore an amputee usually is in his teens before he obtains a hand. Some par- 
ents bought dress hands for their children 

Of the 65 amputees with 73 amputations, 32, of whom there were 29 with 
unilateral amputations (14 above the elbow and 15 below the elbow) and 3 
with multiple amputations, wore their prostheses all day; 18 amputees (5 with 
above-the-elbow and 8 with below-the-elbow amputations) wore their prostheses 
for five to eight hours; 8 amputees, of whom there were 7 with unilateral (1 
above the elbow and 6 below the elbow) and 1 with multiple amputations, wore 
their prostheses for three to four hours; and 12 amputees, of whom there were 
11 with unilateral (6 above the elbow and 5 below the elbow) and 1 with multiple 
umputations, wore their prostheses for less than three hours. 

Of the 65 amputees with 73 amputations who were fitted with upper-extrem- 
itv prostheses, 26 (40 per cent) had complaints: pain in the stump or skin irri- 
tation in 12; poor fit of the socket in 1; shortness of the stump, making the limb 
hard to use, in 1; and dissatisfaction with the appearance or no functional benefit 
in 12. For these youngsters, the functional value of the prostheses in many In- 
stances was not sufficient to overcome the discomfort. Regardless of whether the 
discomfort was organic or emotional, the youngsters did not wear their pros- 
theses regularly. 

The extent of the use of upper-extremity prostheses was graded as good, 
fair, and poor. Good use, which implies that the amputee uses the prosthesis con- 


sistently in a diversity of activities as a hand strongly supportive to the natural 


hand, was reported in 36 instances. Fair use, which implies moderate but active 
and consistent use within certain areas of activity, was reported In 8 instances 
Poor use, which implies that the prosthesis is seldom worn or worn merely as an 
added appendage, the amputee performing primarily one-handedly, was reported 
in 21 instances 

A close correlation was found between the length of time that the prosthesis 
was worn daily and the extent of use. Of the 32 amputees who wore their pros- 
theses all day, 30 had good use and 2 had poor use. Of the 13 amputees who wore 
their devices for five to eight hours, 5 had good use; 6 had fair use; and 2 had poor 
use. Of the 8 amputees who wore their devices for three to four hours, 1 had good 
use (he had a claw hand and wore a hand terminal device for cosmetic purposes 
only, as he had his own “hook”); 2 had fair use; and 5 had poor use. All 12 
amputees who wore their prostheses for less than three hours had poor use. 

To the question, “Could the amputee do things faster with the hook terminal 
device?” there were 43 replies from 65 amputees: 12 replied “yes”; 14 replied 
“no”; and 17 replied “sometimes”. Thus, 29 (67.4 per cent) of these 43 amputees 
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could do things faster either sometimes or regularly when using their hook termi- 
nal devices. It is interesting to note here that not one amputee with poor use of 
the prosthesis answered “yes”, and only 3 with poor use answered “sometimes”. 
All except one of the amputees with good use of their prostheses answered “ves” 


or “sometimes”. 


35_] 
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Fitted with Fitted with 
hooks only hooks-hands 
Types of Fitting 
Cuart III 
Comparison of the ratings of the use of prostheses by 34 upper- 
extremity amputees fitted with hooks only and 27 fitted with hooks 
and hands 

The ratings of the amputees as to the usage of the prosthesis were com- 
pared (Chart III). In 27 amputees who were fitted with hook and hand terminal 
devices there were 13 (48.1 per cent) with good usage; 4 (14.8 per cent) with fair 
usage; and 10 (37.037 per cent) with poor usage. In 34 amputees who were fitted 
with hooks only, there were 20 (58.8 per cent) with good usage; 4 (11.764 per cent) 
had fair usage; and 10 (29.4 per cent) had poor usage. These figures indicate that 
the providing of hands, as well as of hooks, did not improve the children’s adjust- 
ment to their prostheses; the more basic psychological needs were not met. 

The sex of the child with upper-extremity amputations did not seem to be a 
significant factor in his adjustment. The cause of the amputation, the dominance 
of the hand, and the interval between amputation and fitting with the prosthesis 
seemed to have no specifie effeet on the adjustment of the child with amputations 
above the elbow. 

Training seemed to be important among children with amputations above 
the elbow. Of the 11 who had “use” training (by trained professional personnel), 
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7 wore their prostheses all day; 1 wore his for five to eight hours; 1 wore his for 
three to four hours; and 2 wore theirs seldom or not at all. The 2 children who 
had “controls” training (by the manufacturer), both wore their prostheses all 
day. Of the 13 children who had no training, 5 wore their prostheses all day; 
4 wore theirs for five to eight hours; and 4 wore theirs seldom. 

We found that the child with a congenital amputation below the elbow was 
not so good about wearing his prosthesis as the child with a traumatic amputation 
below the elbow. 

Of the 22 children with congenital amputations, 7 (31.8 per cent) wore their 
prostheses all day; 7 (31.8 per cent) wore theirs for five to eight hours; 5 (22.7 
per cent) wore theirs for three to four hours; and 3 (13.6 per cent) wore theirs 
for less than three hours. Of the 11 children with traumatic amputations, 8 
(fa.7 per cent) wore their prostheses all day ; 1 (9 per cent) wore his for five 
to eight hours; 1 wore his for three to four hours: 1 wore his less than three hours. 

Only 9 of the 22 children with congenital amputations below the elbow 
made good use of their prostheses, whereas 10 of the 11 children with traumatic 
amputations made good use of theirs. We wonder if this situation could be due 
to the greater time interval between the congenital amputation and the fitting 
of the prosthesis. Eight children (the majority) with traumatic amputations 
were fitted with prostheses 1 year or less after surgery, 2 children were fitted 
later but less than 2 years after surgery, and 1 child was fitted 11 years after 
surgery (he had had a partial hand amputation). The youngest of the children 
with congenital amputations below the elbow was fitted with a prosthesis at 3 
vears of age; the majority of the children in this group were fitted when they 
were between 6 and 12 years old. Some parents of the children with congenital 
amputations below the elbow said that the children did not wear their prostheses 
because they had learned to do everything with one hand; other parents said 
that the prostheses were in the way 

The suggestion was made that if the amputees had been fitted prior to 1951 
they would have received so little training that they would be reluctant to use 
their prostheses. It was found, however, that 15 of the 22 children with congenital 
amputations below the elbow had been fitted after 1951, and from a review of 


the records it was obvious that the preparation of the parents or amputees, or 
both, had been inadequate. 


The statisties also indicated that the earlier a child with a congenital ampu- 
tation below the elbow is fitted with a prosthesis, the more likely is he to be a 
good prosthesis wearer. Children first fitted up to 5 years of age were the best 
wearers, those from 6 to 12 years old were the next best, and those 13 to 17 years 
old were the poorest wearers 

The side involved seemed to have some effect on the adjustment of the child 
with an amputation below the elbow. In this small series it appeared that a child 
with a congenital amputation below the elbow was a better prosthesis wearer 
if the left hand, which should have been the supportive hand (as judged from 
the statistics on handedness in the general population), rather than the right, 
or dominant, hand was involved. In contrast to this finding, the child with a 
traumatic amputation below the elbow seemed to be a better prosthesis wearer 
when the dominant hand was involved 

In this study it was found that children with traumatic amputations below 
the elbow were good prosthesis wearers whether or not they had had training, 
whereas children with congenital amputations below the elbow were not good 
wearers even though more of them had training. The dexterity of those who had 
received little or no training could not be evaluated. 

All but 1 of 119 children (109 with unilateral and 10 with multiple amputa- 
tions) who were fitted with lower-extremity prostheses wore their prostheses all 
day. The one exception was less than 1 year old and wore the prosthesis during 
all the time he was awake. 
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Of the 119 children with lower-extremity prostheses, 10 (8.4 per cent) com- 
plained of either pain in the stump or skin irritation, and 1 complained of poor 
fit of the socket. Nevertheless, they still wore their prostheses all day. 

The extent of use of prostheses by the 109 children with unilateral lower- 
extremity amputations was graded according to the child’s participation in ac- 
tivities 

Above-average use of the prosthesis implies that the child either participates 
in a wide variety of activities or does not object to the prosthesis or stump 
being exposed, or both. 

Average use of the prosthesis implies that the child participated in a fairly 
wide variety of activities but preferred not to engage in any in which the pros- 
thesis or sti mp would be exposed. 

Below-average use of the prosthesis implies that the child participated in 
few activities and would not engage in any in which the prosthesis or stump 
would be exposed. Either the child or his parents asked for his excusal from the 
activities 

The extent of use of lower-extremity prostheses is shown in Chart IV. It 
was noted that the child with an amputation above the knee is less likely to 
participate in activities in which his stump or prosthesis is exposed. 

The sex of the child, etiology, the side involved, the training, the age when he 
was fitted with the prosthesis, and the interval between the amputation and the fit- 
ting seemed to have no effect on the way in which the child with a lower-extremity 
amputation adjusted to the prosthesis. Gait, balanee, posture, and the like, how- 
ver, could not. he evaluated 


PRAINING 


Training by a qualified therapist in the use of the prosth sis is essential 
in the rehabilitation of the amputee *-*!""!1?_ The training must be adequate to 
be effective. The amount of training that is adequate varies according to the 
type of amputation, the prosthetic fitting, the age of the patient, the attitude 
of the amputee and of th parents, and the amputee’s general muscle tone and 
coordination. The objective of therapeutic exercises and training in the use of 
t prosthesis is to get maximum effective function of the prosthesis under normal 
daily living conditions. When a prosthesis is replaced it is considered good prac- 
tice to review functions, activities, and care with the patient, but usually addi- 
tional training is not necessary unless a new type of component has been added 
Checkout of a new prosthesis to determine whether or not it meets with certain 
standards is a part of this training. The occupational therajnst or the physical 
therapist, or both, may be involved in the training program 

Gait training, posture, and balance are the usual goals for a patient with 
an amputation of the lower extremity. The training of the juvenile patient with 
an amputation of the upper extremity is more difficult. The guides for activities of 
daily living for adult-amputee training are helpful. Many therapists use the 
findings of research on the development of children as guides in the training of 


the juvenile amputee In general, training starts with play and self-care, fol- 


lowed by various activities leading up to as full independence as possible and 
eventual educational or vocational rehabilitation, or both. If the child has a 
hand terminal device as well as a hook, additional training may be needed 
Some of our teen-age patients with traumatie below-the-elbow amputations 
have become adept in the use of their prostheses in 3 days of traiming on an in- 
patient basis. Patients with other types of amputations and younger amputees 
take an average of about 10 days of training on an in-patient basis. The young- 
sters who have multiple needs or have complicated fitting problems require 
longer pp riods of hospitalization. During this time, the nurses help to carry on 
the training suggested by the therapistd in the daily eare and play activities of 
the patient. Out-patient therapy extends over a longer period of time. Some 


THE JOURNAL OF BONE AND JOINT SURGERY 





\{ QUESTIONNAIRE SURVEY OF JUVENILE AMPUTEES 1447 


amputees are able to come in daily, whereas others come three times a week. 
Gradually, these visits become less frequent. Here again, the type and duration 
of therapy depend on the individual needs of the amputees. The amputees are 
expected to master certain functions before training is discontinued. 

In the replies to the question concerning training in the use of the prosthesis 
there was some confusion, in a few instances, with vocational training. The fol- 
lowing data, however, were obtained: of a total of 182 amputees fitted with 
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use of lower-extremity prostheses 


prostheses, 90 said that they had had training; 83 said that they had had none; 
and 9 did not reply. Of the 90 who said that they had had training, 61 had had 
“use” training (training by professional therapists) in hospitals, special schools, 
or treatment centers; 19 had had “controls” training (training by limb manufac- 
turers); and 10 indicated that they had had training by only answering “yes” 
Of the 42 parents (or patients) who thought that more training would have 
heen helpful, 35 thought that more training was needed to make the patient more 
independent and able to take better care of the prosthesis. Some respondents 
snid that more encouragement was needed, and others felt the need of a review. 
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The parents of several children with upper-extremity amputations who had 
received no training stated that if the children had had training they would 
have made better use of the prostheses. Parents of children with lower-extremity 
amputations also stated that if the children had received training thc vy would 
have walked better or would have better posture, or both. Thus, the comments 
of many parents indicated that they realized the importance of training. Sev- 
eral parents, who apparently believed that the therapists who had trained the 
children were inadequate, stated that all 
amputees 


therapists should have training with 


Generally, additional training (called “keep-up training” by several par- 
ents) as such Is not necessary after the child has received adequate training 
Usually, an amputee who has been adequately trained in the basie funetions 
quickly learns to apply this training to other activities. 

Most of the amputees who had poor use of their prosthesis (poor wearers) 
and their parents need considerable help in developing better personal relation- 
ships. For instance, the child needs to feel loved and wanted, and the parents 
should express such emotion toward the child and help him to develop greater 
independence. Both the parents and the amputees need more interpretation of 
their own feelings about the defects, the injuries, and the prostheses. 

The duration, quality, and adequacy of the training, or whether it was on an 
In-patient or out-patient basis could not be critically evaluated. However, prior 
to about 1951, plans for training were not routine, and there were few therapists 
trained in working with amputees. Often, training was not recommended as some 
of the clinicians seemed to feel that the instructions available from the manu- 
facturer were adequate 

Now, plans for training are arranged as needed. Wherever resources permit, 
arrangements are made for out-patient training. It has been our feeling that 
hospitalization should be reserved for the seriously ill child or one needing sur- 
gery. In-patient training is arranged if there are such factors as large families, 
illness in the family, long distances to travel, if the prosthetic problem is a com- 
plicated one, and if intensive training is needed. The amount of time varies with 
the patient and his specifie needs. The parents are ineluded in this training pro- 
gram and are instructed in the care of the prosthesis, in training in its use, and 
in Ways to encourage the youngsters to use their prostheses in additional activi- 
ties. The very young amputees (less than 12 months) are usually not given 
formal training as such; their training amounts to functional play therapy and 
help in the development ot balance and the ability to get about at will, as the needs 
may indieate. Instruction of the parents is especially emphasized during visits for 
occupational or physical therapy. In-patient therapy may be arranged for the 
very young amputee if necessary. 


FOLLOW-UP 


Fitting the child with a prosthesis and teaching him to use it expertly does 
ot necessarily mean that he will make good use of his prosthesis. He needs to 
seen periodically not only to check his use of it in every-day activities but to 
encourage him in additional activities !!*. The length of the time interval be- 
tween clinic visits varies—it may be as often as once a month during the period 
of rapid growth, after the first fitting with the prosthesis, or in the event that a 
difficult fitting problem is encountered. Parents and patients are advised to feel 
free to get in touch with the elinie or field staff earlier, if necessary. On these 
clinie visits: the family may be given further instructions in the care of the 
stump if skin irritations have arisen, a stump revision may be found necessary, 
repairs or adjustments of the prosthesis may be made, a new prosthesis may be 
ordered, bad habits in the use of the prosthesis may be prevented or corrected, and 
the family may be given further suggestions regarding the use of the prosthesis. 

Of the 136 persons who replied to the question about clinie recheck exami- 
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nation, 68 (49.9 per cent) stated that they return to clinie every 6 months; 29 
(21.3 per cent) return to clinic every 3 months; 26 (19.1 per cent) return yearly ; 
and 13 (9.5 per cent) return at various intervals. It was also found that the 
non-wearers and the poor users kept clinie appointments in about the same fash- 
ion as the good wearers. 

Repairs and adjustments (to which there were 114 replies) were needed 
at intervals ranging from 3 months to more than 1 year. The cost of upkeep is 
therefore an important consideration. The repairs most frequently needed were: 
replacements of straps, leather and rubber parts, and serews and bolts; new 
joints; new washers; new feet (for the below-the-knee more often than for the 
above-the-knee amputee); new pelvie belts for above-the-knee amputees; repair 
of fingers; and new cables and new harnesses. The below-the-knee amputees 
needed the most repairs; next came the below-the-elbow amputees, then above- 
the-knee amputees, and, finally, above-the-elbow amputees. The families con- 
tribute toward the cost of repairs according to their ability to pay. The need for 
repairs (unless due to neglect or abuse) is an indication that the amputees are 
using their prostheses. Because the cables break frequently two cables, or cable 
units, are now suppiied to the upper-extremity amputees. When one breaks, the 
spare is applied, and parents are advised to replace the broken one as soon as 
possible so that a spare will always be available. 

There were 98 replies to the question as to how long the first limb had 
remained satisfactory (59 amputees in this study had been fitted with their ini- 
tial prosthesis only). There were 30 (30.6 per cent) who had used their limbs for 3 
vears; 30 (30.6 per cent) for 2 years; and 26 (26.5 per cent) for 1 year, and 12 
(12.6 per cent) whose limbs lasted for various periods. The problem of a limb 
that is outgrown before it is outworn is ever present, and every effort is made to 
cope with it. On an over-all basis, however, the cost per amputee is one of the 
lowest expenditures, and the results, in most Instances, more than justify the 
outlay of funds. 

The questions did not consider other aspects of follow-up care. Clinic fol- 
low-up is supplemented by home visits, school visits, and conferences with other 
persons or agencies concerned with the patient’s adjustment. The community 
nurse is the key person in integrating the total care of the Juvenile amputee. 
State and local agencies for education, public health, and social welfare, both 
voluntary and government, the amputee’s family physician, pastor, school coun- 
selors or other school personnel, the local public-health nurse, the caseworker, 
local therapists, psychologist. or some fraternal group—in fact, almost anyone 
who is needed to help in the child’s and the family’s adjustment—may be in- 
volved in the rehabilitation of amputees. Acceptance at home alone will not suf- 
fice. The child must have happy group experiences. 

SOCIAL ACCEPTANCI 

An important factor in the juvemle amputee’s adjustment is his acceptance 
by various individuals and groups outside the home, such as neighbors and 
church, school, and recreational groups. Problems concerning children with lower- 
extremity amputations are rare. Considerable prejudice against children with 
upper-extremity amputations exists, however, and this seems to increase when 
the child is fitted with a hook prosthesis. A recent survey indicates the need for 
further study of societal influences on amputees '*. A close correlation has been 
found between the degree of acceptance of the child with upper-extremity ampu- 
tations in these outside relationships and the development of a satisfactory atti- 
tude toward the handieap and the prosthesis by the child and the family. Both 


the parents and the child may need help in their approach to others so that it 


enhances rather than aggravates the situation when the youngster meets other 
people. 


In manv instances, of course, social prejudice is a product of ignorance and 
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superstition. Education of the public is the answer here as it is with other prob- 
lems of prejudice. This educational process needs to be continuous to be effective. 

There is a trend to send these youngsters, unless severely handicapped, to 
regular school, although this trend has not yet been generally accepted. Schools 
frequently accept the youngsters, but the parents, however, want the child to at- 
tend a special school. Free transportation to and from special schools seems to 
influence some parents. 

Of the 133 amputees who answered the question concerning whether or not 
they wore their prostheses to school, all but 14 replied in the affirmative. Of these 
14, 1 had multiple amputations, 5 had above-the-elbow amputations, and 8 had 
below-the-elbow amputations. It is interesting that in this study not one parent 
said the school would not permit the child to wear the prosthesis 

Of the 121 who replied to the question concerning activities permitted in 
school, 100 said that they were permitted to wear their prostheses in all activi- 
ties. The activities prohibited by some schools were swimming, gymnastics, 
baseball, and football. (Swinging was not permitted for some children with up- 
per-extremity amputations.) All activities except sports and all sports except 
football, basketball, or gym were permitted if the child did not wear his pros- 
thesis. In our questionnaire we failed to consider whether the child attended a 
hospital school, special school or room, or a regular school. Moreover, even in a 
regular school, there is a difference in activities, so that saying that a child 
participates in all activities in one school does not necessarily mean that this 
school has more understanding than others in which the activities are “limited”. 

Some youngsters in this study are in the Little League or Pony League; 
however, we have noticed that many of them do not play bimanually. There has 
been some question as to whether or not these youngsters are as well adjusted as 
appears on the surface 

One very important fact which was mentioned several times was that these 
youngsters would like to participate in games for which sides are chosen. In 
several instances, mention was made that other children did not like to touch the 
hook, as, for example, in such games as crack the whip and other hand-holding 
games 

Information based on how the parents thought that their children were ac- 
cepted by school personnel, children, and neighbors was tabulated and graded as 
foliows: 

Above-average acceptance by the school, community, and children implies 
that the child is well accepted as one of the group. The child is helped toward 
greater independence, and his situation is often interpreted to others. 

Average acceptance implies that the child participates as one of the group 
In activities. 

sclow-average acceptance implies rejection from the group and its activities 
or acceptance only as a handicapped and dependent person. Of the 129 respond- 
ents to the question on the attitudes of the principals and teachers, 51 specified 
above-average acceptance; 74 specified average acceptance; and 4 specified be- 
low-average acceptance. Of the 132 respondents concerning the attitude of the 
school children, 37 specified above-average acceptance; 91 specified average ac- 
ceptance; and 4 specified below-average acceptance. Of the 138 respondents to 
the question of attitudes of neighbors and friends, 35 specified above-average 
acceptance; 96 specified average acceptance; and 7 specified below-average ac- 
ceptance. It is interesting to note that of the 15 children who were reported to 
have below-average acceptance (all types of amputation), 7 had amputations 
below the elbow; 3 had amputations below the knee; 2 had amputations above 
the knee; 2 had amputations above the elbow; and 1 had multiple amputations 
Apparently, the child with amputation below the elbow seems to have the most 
difficulty in social acceptance. 

Several parents said that their youngsters did not wear their prostheses 
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during play for fear of hurting themselves or others. Instances in which children 
with prostheses accidentally hurt themselves or others have been rare, and the 
injuries were no more than minor bruises. Deliberate use of a prosthesis as a 
weapon has rarely occurred. Nose-pinching with the hook terminal device has 
caused parents of playmates concern and has definitely impeded the amputee’s 
acceptance. It is wise for children with upper-extremity amputations not to wear 
their prostheses in body-contact sports or games. 

Several parents and amputees brought out the problem of finding jobs. 
Many told of successful job placement and job accomplishments, household care, 
and care of babies. It is especially important that prospective employers be 
reached so that when the patient becomes employable, a job suitable to his 
training and ability is open to him, since our ultimate goal is a well adjusted, 
independent individual. The Division of Vocational Rehabilitation is active in 
this area, and several amputees in this study had had, or were having, job 
training or higher education through this agency. Besides governmental activities 
in this field there are many voluntary agencies and fraternal clubs active in this 
work. 


SUMMARY 


Although this questionnaire did not cover the various facets of rehabilita- 
tion as well as had been hoped for, it revealed some interesting findings. 

Greater stress should be placed on prevention, since the largest number of 
amputations were on a traumatic basis 

Definite conclusions could not be made about surgical treatment. However, 
the need for further study of growth patterns was definitely indicated. It was 
noted that although the greatest number of revisions were in the children wit] 
amputations below the knee, most of these were done for the acquired amputa- 
tions due to trauma, malignant growth, and disease; very few revisions were done 
in the below-the-knee conversion amputations of congenitally anomalous lower 
extremities. 

After the necessary surgery, aftercare of the stump is very important. Physi- 
cal therapy to maintain, or obtain, full range of motion in the remaining joints 
is often started before surgery. Bandaging the stump to reduce induration and 
edema and to shape the stump is recommended. This study reveals the need to 
stress and to review instructions in stump hygiene with the patient and parents 

More investigation is needed as to the age when a child should be fitted with 
a prosthesis and the age when training should begin. Most physicians associated 
with amputee services recommend that a prosthesis be fitted at the earliest 
possible age, providing that the child is physically, emotionally, socially, and 
mentally ready. All agree that when a child with a lower-extremity amputation 
is ready to walk, he is ready for a prosthesis. If the amputavion is acquired, the 


voungster should be fitted with a prosthesis as soon as the stump is in good 


condition 

There seems to be no universal agreement as to what is the earliest possible 
age for an upper-extremity prosthesis to be fitted. Passive prostheses have beet 
put on children at about 4 to 6 months of age to teach them to hold or push an 
object against the normal hand and gross grasping, such as holding a nursing 
bottle; to have the child become accustomed to the added length of the stump; 
to encourage the youngster to tolerate an appliance; and to help in functional 
activities. Recommendations for fitting with a prosthesis depend on the child’s 
development rather than his age. 

Further investigation of the influence of the hand which is dominant seemed 
to be indicated. 

The child with amputation above the elbow is as good a prosthesis wearer 
and user, within the limits of his increased handicap, as the child with below-the- 
elbow amputations. 


VOL. 41-A, NO. 8, DECEMBER 195° 





1452 N. LAMBERT AND JEAN SCIORA 


The fitting of children with upper-extremity amputations with a hand ter- 
minal device did not improve their adjustment to the prosthesis. It has been our 
experience, with rare exception, that the anticipation of getting a hand is greater 
than the realization 

Children with lower-extremity amputations and those with traumatic ampu- 
tations below the elbow wore their prostheses whether or not they had had train- 
ing. However, training was very important to the adjustment to the prosthesis 
of the child with amputations above the elbow. Children with congenital below- 
the-elbow amputations were the poorest prosthesis wearers. This is not meant 
to imply that training is not important to all groups. Rather, it points out that 
some types of amputees find their prosthesis helpful to them whether or not 
they have had training. The initial preparation did not seem to be adequate for 
children with congenital below-the-elbow amputations. Perhaps they need a dif- 
ferent approach or a different method of training. It may be that earlier fitting 
with a prosthesis, as is now done, may resolve this problem. It was definitely 
found that this group of children showed the best results when fitted with a 
prosthesis before they were 5 years of age. 

The child’s evaluation of himself, his parents’ evaluation, and the attitude of 
the whole population were brought out repeatedly in these questionnaires as being 
very important factors in his rehabilitation. 

Che study also revealed the need for greater dissemination of the available 


information to the many disciplines concerned with the rehabilitation of the 


child amputee 
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University of Illinois Division of Services for Crippled Children, for his help with the statisti- 
cal analysis and the charts. Sincere appreciation is expressed for the assistance of the following 
rehabilitation centers: The Rehabilitation Institute of Chicago; The Liberty Mutual Insurance 
Company Rehabilitation Center in Chicago: The Institute for Crippled and Disabled, New 
York, N. Y.; The Kessler Institute for Rehabilitation, Pleasant Valley Way, West Orange, 
New Jersey; The Institute of Physical Medicine and Rehabilitation, New York University- 
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APPENDIX 
UNIVERSITY OF ILLINOIS 
DIVISION OF SERVICES FOR CRIPPLED CHILDREN 
1105 South Sixth Street 
Springfield, Illinois 

ARTIFICIAL LIMB STUDY 
NAME BIRTHDATE CASE NUMBER 
ADDRESS 


(Street) (City) (County) 
(a) What part or parts of the body are involved? 
Right arm: Above elbow Below elbow 
Left arm: Above elbow Below elbow 
Right leg: Above knee Below knee 
Left leg: Above knee Below knee 
b) What was the cause of the amputation: 
(1) Born that way 
2) Accident What kind? 
(3) Disease What? 
(4) Tumor or growth 
Was an operation necessary before getting the limb(s) ? 
(a) At what age was your child fitted with his first limb? 
(b) Did you or another agency buy a limb for your child before he was referred to 
Division? Yes No Name of agency? 
(c) If (b) was answered “yes”, who prescribed that limb? 
d) Did he have any training in the use of the limb at that time? Yes 
If “Yes”, where did he get the training? 
3. Who referred your child to the Division of Services for Crippled Children? (Circle) 
a) Your family physician? 
b) Your public health nurse? 
c) A limb manufacturing company? 


d) Someone else? Who? 


4. (a) Did you understand what the doctor and other clinic staff said to you and your child 


at the clinic? Yes No 
(b) Did you need more time at the clinic? Yes No 
How do you think the clinic staff might have been more helpful to you in understand 
ing your child’s needs? 
Did your child accept the idea of being fitted with a limb? Yes 
If he didn’t: 
(a) Did you discuss this with the clinic staff? Yes No 
(b) What did you do to help your child’s attitude toward getting the limb? 
a) How old was your child when he was fitted with a limb by this Division? 
(b) After your child was fitted with this limb: 
1) Did he have any training in 
(2) If he had training, where did he get it‘ 
(3) Do you feel it would have been helpful if he had more training? Yes 


If yes, why? 
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(4) What instructions were you given on the care of the stump? 


How many hours a day does your child wear the artificial limb(s)? (Circle) 
1) 1 hour 2) 2 hours (3) 3-4 hours (4) 5-8 hours (5) All day 
If he attends school, does he wear the limb at school? Yes . No 
Is he permitted to wear it in all school activities? Yes No. 
If no, in what activities is he not permitted to participate? 
If no, in what activities does he participate but is not permitted to wear the limb? 
If not worn routinely, why? (Circle those that apply) Because of: 
1) cosmetic appearance (2) pain in stump (3) poor fit of socket (4) it is not 


permitted in school 5) skin irritation of stump (6) Other reasons (state) 
What is the attitude of the principal and teachers? 

What is the attitude of the school children? 

What is the attitude of neig'bors and friends? 

Does he like to play with other children? Yes 

Does he prefer to stay at home? Yes No 
your child was fitted with an arm and hook prosthesis: 

List activities he does with its help 


Dressing and person: are (Examples: opening toothpaste tubes, pulling on socks, 


acing shoes 
Eating (Examples: use of knife and fork, use of bottle or can opener.) 


Work (Examples: hammering nails, using spray gun, putting clips on paper, car- 
rying three or more packages 


Social (Examples: wearing of hook or hand to various social activities, opening 
wallet or purse 


Which of these you listed is he able to do without the hook? (List) 
Does he do these faster with the hook? Yes No Sometimes 
our child has an artificial hand as well as a hook: 
How many hours a day does he wear the hook? 
How many hours a day does he wear the hand? 
Does he wear the hand only for dress occasions such as church, parties, etc.? 

Yes No 

Have you purchased another limb since the Division made one available? 

Yes No When? Why? 

Have you purchased extra parts for the original limb? Yes 

If “yes”, what? 

If you changed to another limb, give reasons why? 

1) Is present limb: (Check or circle) 

Better than b. As good as c. Not as good as original 

How often does your child return to clinic for re-check examinations? (Circle) 

Every 3 months (b) Every 6 months c) Every 9 months (d) Every year 

ar 
How often has the limb required repair or adjustment for length? 
3 months b) Every 6 months >) Every 9 months (d) Every year 

e) Over a year 
If your child has had his first limb replaced, how long did the first limb remain satisfactory ? 


(Cirele) (% year (b) 2 years c) 3 years (d) Other (state) 


How do you think we can be more helpful to children like yours? 
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Bone Transplant on the Host-Tissue 
Vascular Penetration *’ 


BY KIRK J. ANDERSON, M.D., JOAN SCHMIDT, M.S., AND JOHN F. LECOCQ, M.D., 
SEATTLE, WASHINGTON 


From the Division of Orthopaedic Surgery, University of Washington School of Medicine, Seattle 
L ] / q d 


The literature on experimental grafting is extensive, but only a few contribu- 
tions have been concerned with the vascular pattern which is an inherent part of 
the response of the host tissue to transplanted bone. The ability of the bone trans- 
plant to accept neovascularization from the host bed has not been studied until 
recently. Functioning blood vessels in grafts of embryonic and autogenous bone 
have been reported to be present as early as five hours and up to eleven days after 
grafting '*4.7-19, Studies on experimental transplants of homogenous bone have 
shown that vascularization occurs between four and twelve weeks **"!. Stringa 
reported a comprehensive study in which large grafts of autogenous, homogenous, 
and heterogenous bone of the cortical and cancellous type were placed in the fem- 
oral medullary cavity and under the renal capsule of rabbits. Stringa concluded 
that the vascular penetration of the heterograft was approximately six times 
slower than the vascularization of the autograft. 

Variations in these reported experimental results may be due to several fac- 
tors: the diferent types of bone tested, the size of the transplant, and the type of 
host bed. Furthermore, it should be recognized that the process of revasculariza- 
tion in bone transplants cannot be well documented on the basis of histological 
sections alone. 

We have therefore undertaken a study of the process of vascularization of 
heterografts of calf bone after implantation in the anterior chamber of the rat’s 
eye, analyzing injected and cleared specimens by means of stereomicroscopy. The 
grafts were prepared as a single large fragment or as a conglomerate of small 
particles in the form of a paste. The anterior chamber of the rat’s eye was chosen 
as the host bed for implantation because the implanted bone could be observed 
clearly, and the vascular response of the host tissue readily delineated by dye 
injection. 


METHOD 

Adult albino rats of the Long-Evans strain were used. The following categories 
of implantation material were tested: 

1. Calf bone prepared as large fragments and averaging 2.8 millimeters in 
length, one millimeter in width, and one millimeter in depth, which had been stored 
from six weeks up to nine months at 4 degrees centigrade in bovine plasma or 
physiological saline solution. This bone was of three types: three-month-old calf 
cortical bone, calf cancellous bone, and fetal cortical bone. 

2. A calf-bone paste composed of many small particles, varying from 0.3 
to 0.7 millimeter in diameter and treated with bovine plasma in the same fashion 
as the large fragments of calf bone °. 

3. “Fresh” cortical and cancellous calf bone of large-fragment size (average 

* Read at the Combined Meeting of the Orthopaedic Research Society and The American Acad 
emy of Orthopaedic Surgeons, Chicago, Llinois, January 24, 1959. 


+ This investigation was supported by a grant-in-aid from Squibb Institute for Medical 
? . 
tesearch. 
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Fig. 1-A 


Photograph of an implant of autogenous cancellous bone in the anterior chamber of the rat's eve 
it one week, The bone lies in the corneal-scleral angle adjacent to the choroid body. A sinusoidal 
network of vessels, originating in the iris, A, is situated at the edge of the implant, B, with smaller, 
divergent branches penetrating most ol the bone. Not all the vessels can be clearly seen in this two- 
dimensiona photog iph x 27.5 


Photogr iph of the vascularization of an implant ol autogenous cancellous bone dissected from 
the eve one week after implantation. All surface vessels have been removed. Deep penetrating 


vessels enter the major portion of the bone ia 
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Photomicrograph of a serial section of an implant of autogenous cancellous bone at one week. 
The injected host vessels, indicated by arrows, are located primarily in the trabecular pattern of 
the new bone. One vessel occupies an open Haversian canal of an acellular area of donor bone. The 
cornea is at the top of the photomicrograph (xX 145). 


size, 2.8 by one by one millimeter). The “fresh’’ specimens could not be implanted 
until the second day after removal from the calf because of technical difficulties 
in transportation to the laboratory. 

t. Fresh autogenous cancellous bone of large-fragment size (average size, 2.8 
by one by one millimeter) obtained from the iliac crest of the rat under sterile 
technique. 

All samples of preserved calf bone and calf-bone paste were prepared under 
rigid aseptic technique according to the method of Tucker and were supplied to us 
by the Squibb Institute for Medical Research. “Fresh” samples of sterile bovine 
bone were supplied by Dr. E. J. Tucker. The periosteum was removed from all 
large specimens. The large fragments were cut to size from the stock samples 
with a rongeur and an osteotome. The bone paste was used directly from the sterile 
disposable plastic syringes in which it was received. The size of the large frag- 
ments and the particles in the paste were determined by direct measurements 
on a calibrated scale. 

Histological examination and tissue culture of samples of the calf bone be- 
fore implantation in the anterior chamber of the rat’s eve demonstrated no ap- 
parent living cells. Since autogenous cancellous bone is generally accepted as 
the ideal type of clinical graft, it alone was selected as the control tissue to be 
used for the comparison of the initiation and degree of vascular penetration in 
autogenous bone with the vascular penetration in the various types of hetero- 
grafts. In this series of experiments the control tissue was of large-fragment size 


only. A further series of experiments are now in progress in which the control 


tissue will include pastes of both cortical and cancellous fresh autogenous bone. 
Before implantation, the large bone fragments were removed from the vials 


VOL. 41-A, NO. 8, DECEMBER 1959 





K. J. ANDERSON, JOAN SCHMIDT, AND J. F. LECOCQ 





ome 


Fig. 2-A 


Implant of autogenous cancellous bone in the anterior chamber of the eye at six weeks, which 
demonstrates vascular penetration of all aspects of the bone by numerous diverging vessels arising 
from a single major vessel of the iris. This finding is exceptional in that the implant is usually 
vascularized by several penetrating vessels of the iris (* 31). 


in which they had been preserved and placed in a sterile Petri dish in a few drops 
of Hanks balanced salt solution containing 100 units of penicillin and 100 gamma 
of streptomycin per milliliter. With the animal under anesthesia, the pupil of the 
eye was dilated with 5 per cent homotropine in 1:10,000 zephiran solution. The 
bone was implanted through a small corneal incision, either as a single large 
fragment or as a conglomerate paste consisting of as many small fragments as 
could be accommodated, in the corneal-scleral angle opposite the incision in the 
cornea. Extreme caution was taken to avoid contamination during the implanta- 
tion. Cultures of material aspirated from sample implanted eyes were sterile in 
every instance. 

Bone of the same category was implanted into both eyes of each of the rats 
used. In each category of implant at least one and usually two animals (or two 
or four eyes) were sacrificed at intervals of one, two, three, four, six, eight, ten, 
fifteen, and twenty weeks. The technique described by Trueta and Harrison was 
employed to outline the vascular patterns characteristic of each bone implant. 
At the time of sacrifice the chest of the rat was opened while the animal was 
anesthetized, and approximately forty milliliters of 2 per cent Berlin blue solu- 
tion * was injected intracardially while the heart was still beating. This par- 
ticular dye adequately defined the vascular pattern in the anterior chamber of 
the eye, and we, like Trueta and Harrison, found it to be superior to other in- 
jectable materials. After completion of the injection the eye was extirpated, fixed 
in 10 per cent neutral formalin, and then rendered transparent by the Spalteholz 
technique. The specimens were studied under the stereoscopic microscope after 
clearing. Observations were confined chiefly to the relationship of the host blood 
supply to the anterior and posterior aspects of the graft which were adjacent to 

* Berlin blue (Prussian blue soluble): Hopkins & Williams, Ltd., Freshwater Road, Chadwell 
Heath, Essex, England 
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Fia. 2-B 


Photograph of an implant of autogenous cancellous bone at eight weeks, from which all surface 
vessels have been removed. The degree of deep penetration of the bone is evident (x 145) 


the cornea and iris respectively. In order to photograph these vascular patterns 
it Was necessary to remove the posterior segment of the eve and dissect out the 
lens from the anterior chamber, thereby exposing the bone implant in its sur- 
rounding environment of iris, choroid body, and cornea. In many instances the 


implant itself was removed from the eye, and blood vessels lying on its surface 


were vigorously scraped away in order to verify the existence of vessels pene- 
trating deeply into the bone. 

Of the 121 implantations performed, twenty-one were of autogenous bone, 
seventy-two were of heterogenous bone of large-fragment size. and twenty-eight 


were yf paste ot heterogenous bone 


- 
{utoyenous Cancellous Bone 


One week after implantation the autograft was adherent to the choroid 
body and iris and was enclosed by a film of connective tissue. The blood vessels 
attacking the bone arose from the iris in a fairly uniform manner. Although the 
majority of the vessels extended only to the surfaces of the graft, a number of 
them penetrated deeply into the substance of the graft. A dense vascular network 
was seen at the edge of the implant, which was in contact with the iris. This net- 
work consisted of numerous small divergent vessels which extended into most of 
the deeper portions of the implant (Figs. 1-A, 1-B, and 1-C). 

The degree of penetration increased with time, and all surfaces of the graft 
uppeared to be thoroughly penetrated by six weeks, at which time there was no 
longer any tendency to marginal concentration of vessels at the base of the 
implant (Figs. 2-A and 2-B). Usually, no single blood vessel appeared responsible 
for the major blood supply. The vessels covering both the anterior and postericr 
surfaces of the bone exhibited anastomoses. 

Examination of histological sections revealed injected vessels extending into 
the trabecular pattern of both the donor bone and new bone. Vascular penetration 
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Photograph of an implant of heterogenous cortical calf bone of large-fragment size one week 
ilter implar tation in the anterior chamber of the rat’s eve. There is a vascular concentration 
where the bone is in contact with the iris (arrows), but no advancing surface vessels or deep 


_— » 


penetration is noted (X 27.5 


of a Haversian canal in the implant was rarely observed (Fig. 1-C). The pene- 
trating vessels were sinuous, seeming to adapt themselves to the shape of the 
trabeculae 
Heterogenous Calf Bone 

Large-Fraqment Size 

The vascular pattern of all tvpes of heterogenous implants of large-fragment 
size Was similar, irrespective of the type of bone and method of preservation. 
Furthermore, the vascularization of ‘‘fresh’’ heterogeneus-bone gratts did not 
appear to differ materially from bone which had been preserved in plasma or saline 
solution 

\t the end of one week a large bone fragment was usually adherent to the 
iris and, in some instances, was adherent to the cornea. Very little vascular 
response Was apparent at this stage. In some implants, the vessels of the iris 
tended to concentrate around the edges of the bone adherent to the iris (Fig. 3) 
Occasionally, a single vessel arising in the iris could be seen to project over a 


limited portion of the posterior surface of the bone. Fine capillary extensions of 
the marginal corneal vessels could also be seen to extend toward the apex of the 


cornea. These vessels were usually limited to that part of the cornea covering the 
graft, although in no instance was there observed any direct. contact of these 
vessels with the bone 

By the second week, the vessels of the iris were concentrated at the edge of 
the graft and were enlarged. Numerous capillary-like vessels projected over the 
posterior surface of the bone, and, in rare instances, a single vessel was found to 
penetrate the graft, but only for a short distance (Fig. 4). 

\t the end of the third week, the findings were essentially the same, but the 
vessels lying on the surfaces of the graft were larger and followed the trabecular 
pattern of the bone, to which they clung tenaciously when an attempt was made 
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Fia. 4 
Fragment of heterogenous cortical calf bone in the eve at two weeks. Small vessels extending 


»ver the surface of the bone from the vascular network at its border (arrows) supply only the periph- 
ery of the implant (X 27.5 


to remove them. They appeared to be enveloped in connective tissue which 
surrounded the bone 

After the fourth week, the vascular reaction assumed a pattern which remained 
characteristic throughout the subsequent sixteen weeks. The marginal corneal 
vessels completely disappeared. The vascular network at the edge of the graft 
adjacent to the iris, was in most cases dense and sinusoidal. When, as in some 
instances, a wide area of the bone grait Was covered by vessels of large caliber, 
this pattern was more evident on the posterior than on the anterior surface 


Capillary-like branches with blunt ends extended from these surface vessels into 


the bone, but penetration was limited to a fraction of a millimeter (Figs. 5-A, 
5-B, and 5-C) 


Small-Particle Size 


At one week, vessels of large caliber covered both the “‘iridie” and ‘“corneal”’ 
surfaces of the bone. Numerous vessels of smaller caliber projected into the 
depths of the conglomerate implant. All specimens at this time revealed an 
extensive proliferation of the marginal corneal vessels (Fig. 6) 

The vascular reaction of the cornea reached its maximum during the second 
and third weeks and then receded abruptly to completely disappear by the fourth 
week. The concentration of vessels of the iris around the periphery of the graft 
was not so evident here as with the large bone fragment. Vessels of the iris pro- 
jected directly into the depths of the bone paste The caliber of the individual 
vessels was shown to have increased in size when compared with that of the 
earlier sacrifice periods (Fig. 7) 

From four weeks to ten weeks the bone continued to show increasing pene- 
tration. The vessels increased in size, and, in several instances, the posterior 
ciliary artery was recognized as the main trunk giving rise to numerous divergent 
vessels. In those instances in which the bone paste had spread at the time of 
implantation to separate portions of the eye, bifurcating vessels projected from 
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Fig. 5-A 


Heterogenous cortical bone of large-fragment size at six weeks. A greater part of the periphery 
of the “iridic’’ aspect of the bone is covered by vessels of the iris of large caliber. These vessels 
have established cont ujt ilong the margin of the bone, A, which lies next to the iris, B, without 


inv change in size or evidence of a concentration of sinusoidal vessels x< 27.5 


Heterogenous bone of large-fragment size at fifteen weeks. Numerous vessels which arise from 
the vascular concentration at the base of the graft (arrow) extend over most of the bone sur 
The terminal tufts of these vessels penetrate the bone for only a fraction of a millimeter (x 2 
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Paste of heterogenous bone of small-fragment size at one week. The implant is completel) 
obscured by a hypervascularization of the marginal corneal vessels. The specimen is viewed from 
the “corneal” aspect. These vessels are limited to the area of the cornea overlying the bone mplant 


x 27 wo). 


the posterior ciliary artery to each locus of bone (Fig. 8). The vascular elements 
within the graft had no particular pattern and penetrated all aspects of the 
implant. 
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Heterograft paste at two weeks which has been removed from the anterior chamber of the eve 

this time the small fragments in the paste have become firmly bound together by granulation 

tissue. All surface vessels have been removed. There is deep and widespread vascularization of the 
entire implant by several vessels of large caliber and numerous, small, capillary-like vessels (x 58 


Heterograft paste implanted in two separate areas (arrows) in the anterior chamber of the eve 


Numerous vessels from the bifureating posterior ciliary artery are seen to penetrate the bone im- 
97° 


ylants KX 21.) 
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Heterograft paste at fifteen weeks. The implant has been dissected from the eve, and all surface 
vessels removed. The degree of penetration has not changed appreciably from that at earlier periods 
of sacrifice (X 62) 


After the tenth week, the vessels became somewhat smaller. However, the 
degree of penetration of the bone did not change (Fig. 9) 


DISCUSSION 


In these experiments the region of the iris and the choroid body in the 
anterior chamber of the eve of the rat proved to be a satisfactory site for the 
study of the vascular penetration of bone implants from the host tissues. The 
reaction of the marginal corneal vessels which was observed appears to be the 
result of the irritation induced by the implanted donor bone. 

In some respects, the host vascular penetration of the paste of heterograft 
bone and of the autograft of large-size cancellous bone was strikingly similar; 
both types of implants were usually well penetrated by vessels as early as one 
week, and the pattern was characteristic of unrestricted and rapid vascularization 
because blood vessels usually arose directly from the iris and thoroughly pene- 
trated the grafts from both the anterior and posterior surfaces without any 
apparent barrier to entrance. 

A comparison of the vascularization of the large heterograft with that of 
the autograft of large cancellous bone, however, points up striking differences 
In contrast to the latter, the large-size heterograft, whether of cancellous or 
cortical bone, or whether ‘fresh’ or treated in saline solution or in plasma, 
showed no appreciable deep vascular penetration through: twenty weeks of 
these experiments. Furthermore, the vascular pattern obsercd here suggested 
obstruction to the penetration of the graft because a dense network of sinusoidal 


vessels appeared around the periphery of the graft shortly after implantation and 
persisted throughout twenty weeks. Although numerous vessels of small caliber 
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emerged from this network and extended over the bone surface, the vasculariza- 
tion remained superficial and was confined almost exclusively to the posterior, or 
‘“iridic’’, surface of the graft. 

In its essentials, this study on the vascularization of bone grafts corroborates 
Stringa’s observations that there is rapid and thorough vascularization of the 
autograft, but slow and incomplete vascularization of the large-size heterograft. 
[It would seem only logical to explain the thorough penetration of the heterograft 
paste and the incomplete penetration of the large-size heterograft as owing in part, 
at least, to the different spatial arrangements in these two types of grafts. Numer- 
ous spaces are present in the bone paste which are immediately available to 
penetration by host vessels. These conditions do not prevail in the case of the 
large-size heterograft. One cannot ignore, however, the possibility that chemical 
or physicochemical mechanisms account for these differences in vascular pene- 
tration. Histological data on similar grafts strongly suggest a correlation between 
the intense host inflammatory reaction provoked by the paste and its rapid and 
thorough vascular penetration 


Particle size, therefore, appears to be an important factor in the vasculariza- 
tion of the heterograft. The capacity of the paste of heterogenous bone to induce 


a host vascular response might also be related to its physicochemical properties. 
It still remains to be determined what influence, if any, this capacity to be 
vascularized exerts on the potential of a given donor tissue to induce osteogenesis 
Our observations, at least in the case of the heterograft, indicate that the phe- 
nomenon of vascularization cannot be equated directly with the success or failure 
of the bone as a graft. Histological data on the host-graft cellular reaction for 
correlation with the present data will be presented in a future communication 


SUMMARY 


Che anterior chamber of the eve of the albino rat was tound to be well suited 
as an ectopic site for a visual study of the vascularization of bone-graft material 

The pattern and rate of vascularization of the calf-bone heterografts of large 
size and small-particle size were studied at intervals throughout twenty weeks 
\utogenous cancellous bone was used for comparison, and 121 implantations 
were performed 

Vascular penetration ol the heterograft when it is in the form of a con- 
glomerate paste occurs as rapidly as it does in the cancellous-bone autograft of 
large-particle size. There appears to be no particular barrier to vascular penetra- 
tion. Large-size heterografts, on the other hand, do not demonstrate any degree 
of deep penetration but do show a surface vascularization. 

There is no appreciable difference in the host vascular response to various 
types of calf-bone heterografts of large size, whether they are “fresh” or stored 
in plasma or saline solution 


Nore: We wish to acknowledge the helpful criticism of James Dingwall, M.D., Associate 
\Medical Director, Squibb Institute for Medical Research, and Marshall R. Urist, M.D., Associate 
linical Professor of Surgery, Division of Orthopaedic Surgery, University of California School of 
Medicine at Los Angeles. We also wish to acknowledge the meticulous and excellent work of Miss 
Pauline Barnes, who prepared the cleared specimens and histological sections, and the technical 
issistance of Mrs. Indra Michalovskis 
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DISCUSSION 

Dr. MarsHauu R. Urist, Los ANGELES, CALIFORNIA: In European countries calf bone has 
been used in place of human-bone grafts for many years. In the era before World War I beef-bone 
plates and screws were used for bone surgery before stainless steel became available. Recent clini 
cal investigations have renewed interest in beef bone; however, if we are to return to the use o 
heterogenous materials, it is important that a study such as this one by Anderson, Schmidt, and 
LeCocq be done very well. They have done a significant amount of work —121 implantations in the 
anterior chamber of the rat’s eye. Their experiments are comparable with those performed by 
Stringa, who placed the implants beneath the renal capsule. By using the eye, Anderson, Schmidt, 
and LeCocq have obtained better visualization of the host vascular response. What is the host 
vascular response? This is the capacity of the host to make new.blood vessels upon the surface and 
within the substance of the implant. The host vascular response is an integral component of in- 
flammation caused by the presence of the implant 

Does the vascular response influence osteogenesis? Anderson, Schmidt, and LeCoeq found the 
same amount of vascular reaction in response to the heterograft, which does not produce new bone 
in the eye, as to the autograft, which does produce bone in the eve. What determines the magni- 
tude of the vascular response? The authors observed that with implants of smal!l-particle size and 
consequent large surface area, the volume of blood vessels formed in the inflammatory response of 
the host was greater. 

What determines the depth of penetration of the implant by the host blood vessels? The au- 
thors’ observations suggest that the host forms a network of blood vessels on the surface of all im- 
plants but relatively few of these vessels penetrate if the implant is composed of particles of large 
size, regardless of whether ?* js autogenous or heterogenous. However, when the implant consists ol 


autogenous cancellous bone, even though the particle size is large, there is a high degree of penetra- 
tion, as would be expected. Anderson and his associates found that if the surface areas of the het- 
erogenous-bone implants were increased, the vascular response to these was as great as it was to 


the autografts. We would like to know if the host makes end-to-end anastomosis with the vessels in 
an uutogralt 

What is the relationship between the antigenicity of the transplant and the host vascular 
response? In these histological sections we are accustomed to estimate the antigenicity of the donor 
tissue on the basis of the number of lymp‘ocytes, plasma cells, and reticulocytes in the inflamma- 
tory response of the host. I will ask Dr. Anderson if an inflammatory barrier was observed around 
the implants of heterogenous bone, and, if so, did this contain plasma cells, lymphocytes, and reti« 
ulocytes. Anderson and his associates found that the implants of autogenous bone of large- 
particle size rarely caused a vascular reaction in the cornea, whereas implants of homogenous or 
heterogenous bone often did. The vascular penetration of the implant ot autogenous bone ol 
large-particle size was apparent in one week, whereas in the implant of heterogenous bone of 
large-particle size more than twenty weeks was required for this to occur 

Is the vascular response related to the failure or success of a true bone-grafting operation? | 
think that this is a question to which we all want to know the answer, and we all are trying to devise 
the perfect experiment to answer this question. In their manuscript the authors state that the host 
vascular response occurs regardless of the osteogenetic potency in a graft. To some extent this 
makes sense, because, as vou all know, if the host bed consists of go xd bone, if the transpla it has 
complete contact. with the host bone, if there is no gap to bridge, and if there is a physiological 
amount of compression, implants of homogenous bone or heterogenous bone will succeed as well as 
grafts of autogenous bone do. In the most successful bone-grafting operations, it appears that the 
implant serves mainly as an absorbable form of internal fixation. Even a graft of autogenous bone 
is generally inadequate in an adult if there is a large gap to bridge and if the contact with a host 
bed is insufficient. 

So far as they have gone with this study the authors have demonstrated that the vascular 
response is a secondary phenomenon in relation to the process of osteogenesis. It is necessary that 
they carry their experiments further to correlate the host vascular pattern with histochemical, 
histological, and immunological studies. In this connection, I found that the authors had made 
progress in this direction when I visited their laboratory in Seattle six months ago 

Nearly all previous observers of the vascular response concluded that grafts of autogenous 
bone were penetrated by new blood vessels six to twenty times faster than were grafts of homoge 
nous or of heterogenous bone. Anderson and his associates claim that this conclusion needs to be 
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modified to include the influence of the surface area because the penetration is greatly increased 
in implants with a large surface area. 

Dr. ANDERSON (closing): We were fortunate in having Dr. Urist visit us. His helpful criticisms 
of this work have helped to determine the manner in which this study has been conducted. It ap- 
pears to me that Dr. Urist has answered many of his own questions; he leaves only two for me to 


answer. 

One concerns end-to-end anastomoses between the host vessels and the vessels in the implant 
or the graft. We have not observed these. From the cleared specimens, which do not permit com- 
pletely accurate observations, we believe that the vessels observed do not follow the old Haversian 


systems. Similar observations were made on microscopic sections. 

The other question that Dr. Urist brings up concerns the presence of an inflammatory barrier 
around the graft of heterogenous bone. From our observations, the inflammatory reaction which 
occurred around the grafts of heterogenous bone of large-particle size in the eye was relatively 
small compared with that around the grafts of heterogenous bone of small-particle size 
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the Muscles Acting on the Ankle during Weight- 
Bearing with Special Reference to 
the Triceps Surae* 
s. J. HOUTZ, M.S., AND FRANK P. WALSH, M.D., DETROIT, MICHIGAN 


From the Detroit Orthopaedu Clinic, Detroit 


During the past two years the staff at the Detroit Orthopaedic Clinic has 
endeavored to make objective evaluations of patients who needed or have had 
operative procedures to alleviate muscle imbalance in the leg and foot. One phase 
of this study was concerned with the caleaneus foot, a deformity caused by 
paralysis of the triceps surae after poliomyelitis 

In the course of this investigation it became evident that there was a lack of 
understanding of the function during weight-bearing of the normal muscles which 
act on the ankle. Theories concerning the function of the gastrocnemius and 
soleus muscles have often caused confusion about what these muscles actually do 
It is relatively unimportant to assign specific duties to certain muscles during 
normal activity because, in general, they function with others in associated pat- 
terns. In pathological conditions, however, one is cognizant of the need for under- 
standing of muscle function. 

The action of the gastrocnemius on the knee has rarely received considera- 
tion, vet loss of its function as the result of poliomyelitis often causes hyper- 
extension of the knee joint. This function of the gastrocnemius in preventing hy- 
perexterision of the knee has been observed repeatedly in the clinical evaluation 
of patients with paralysis after poliomyelitis and has also been mentioned by 
Wright. Genu recurvatum does not occur when the knee flexors, the hamstrings, 
are paralyzed. Jones demonstrated that during the growth periods the heads of the 
gastrocnemius migrate proximally on the distal portion of the shaft of the femur. 
In the fetus the gastrocnemius attaches to the epiphyses of the femur. During the 
child’s transition from crawling to toddling and then to erect walking, the gas- 
trocnemius eventually attains an attachment wholly above the epiphyseal line on 
the posterior surface of the femur. In the erect position the gastrocnemius then 
passes backward from the metaphyseal region of the femur over the condyles and 
downward to its insertion on the caleaneus. In this way the force of its contrac- 
tion is applied to the femur at a greater angle, rendering the gastrocnemius more 
efficient as a stabilizer of the knee and preventing hyperextension in the erect 
position **. A perpendicular line dropped from the center of gravity falls anterior 
to the axis of the knee joint, and thus gravity favors extension of the knees. To 
counteract this force, the flexors are normally active during standing **. These 
phenomena suggest that the gastrocnemius plays a role in the function of the knee. 

The action of the triceps surae at the ankle is well known. Mechanically, it is 
stretched beyond its resting length during weight-bearing when the foot moves 
from the relaxed free position of about 30 degrees of plantar flexion to a right 
angle. This stretching decreases the slack in the tendon which the muscle must 
overcome to produce movement of the ankle. Jones stressed an important concept 
which was presented previously by Ellis regarding muscle contraction in the 


* Supported in part by a Ford Foundation Grant 
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weight-bearing appendages. In this concept it is pointed out that the moving ends 
of the extrinsic muscles of the leg and foot are reversed from the traditional desig- 
nation of the origin and insertion as the fixed and movable points of attachment 
respectively. Thus, with the foot firmly planted on the ground the insertion is 
the stationary attachment around which the tibia and fibula are moved. Joseph 
and Nightingale '* and Smith *! showed that the gastrocnemius and soleus are 
important muscles in maintaining the upright posture. The extensive work on hu- 
man locomotion done by the group at the University of California ** and by oth- 
ers }2.17.19 demonstrated that the calf museles are active also in raising the heel 


from the ground 
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The role that the triceps surae plays in t 
of the foot has been either the subject of controversy or ignored 514-1629, The 
investigator who studies the foot of a cadaver or of an adult and finds close- 
fitting joints with curved surfaces, wedge-shaped bones, and taut, non-pliable 
ligaments is inclined to stress the importance of the architectural structure of the 
foot. and disregard the influence of musele function. In children the importance 
of muscle function is more obvious. It is well known that paralysis of the gas- 
trocnemius and soleus muscles presents a serious problem, owing to the develop- 
ment of a progressive deformity of the foot in which the caleaneus is rotated into 
the vertical position. Although a completely flail foot usually is not deformed, the 
presence of no more than the intrinsic muscles results in a caleaneocavus deform 
ity. The triceps surae, acting through the tendon of Achilles, is the only muscle in a 
position to counteract the direct pull on the caleaneus of the intrinsic muscles and 
taut plantar fascia and the indirect pull of all the sling muscles supporting the 
arch and fore part of the foot '’. Emmel and LeCoeq believed that the tension of 
the tendon of Achilles on the ecaleaneal epiphysis is so important in children that 
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they advocated transplanting the hamstrings to this tendon when the gastroc- 
nemius and soleus are paralyzed. 

During relaxed standing, the center of gravity, when projected downward, 
oscillates around the geometric center of the supporting base—the area formed by 
the two feet and space between them ‘4, These oscillations are greater in the 
anteroposterior than in the side-to-side planes. The pattern of oscillation remains 
relatively constant for any one person regardless of changes in the alignment of 
the superstructure, since the posture assumed automatically compensates for any 
functional or pathological asymmetry **”. 

A mechanical analysis of the lower extremity during standing shows: (1) 
that the weight-bearing axis of the calcaneus is 1.0 to 1.5 centimeters lateral to 
that of the tibia !%; (2) that the longitudinal axes of the tibia and femur form an 
angle of approximately 170 degrees at the knee; and (3) that the distance between 
the geometrical centers of the femoral heads is greater than that between the 
geometrical centers of the knees in the position of normal stance **. Because of 
the asymmetry of these weight-bearing axes, caused by the lateral placement. of 
the caleaneus in relation to the vertical tibia and the obliquity of the femur in 
relation to the tibia, greater tension stress is sustained by the muscles, ligaments, 
and tendons on tie medial surface v* the ankle and knee joints than by those on 

: lateral side '*:*". Thus, it might anticipated that the activity of the muscles 
crossing the medial aspect of the knee and ankle would be greater *han that of the 
muscles crossing the lateral aspect ef these joints. 

The purpose of this study is to present electromyographic evidence concern 
ing the function of the normal muscles acting on the ankle during weight-beariny 
with emphasis on the function of the triceps surae, and to attem; » correlate 
these findings with clinica! observations. 


MATERIAL AND METHODS 


The subjects of the investigation were three male and seven femal. healthy 
young adults, ranging in age frem sixteen to eigs.een years, except ‘or o1 omal 
twenty-three years old. All were athletic in jeuld, had a mini wn a 5 
adipose tissue and had clinically normal feet. Tw series of 


erformed on three subjects; single studies were carried out o2 
Muscle action potentials were picked up and, «frer appror. .a 


re recorded on an t-channel Offner dvnog: Prior t: 
¢ seetromyograph was calibrated with me setting of amplificativn for ai 
ordings and for all «hannels. The fo muscles were sampled: tibia 
«sor (T.A.}, extenser cigitorum longus (E.1?.u.), medial and iateral heads oj 
strocnemius ‘\ sod L.G.) and soleus (M.S. and L.S.!, peroneus longus 
d brevis (P.L. and #.@.:, and flexor digitorum lorgus (F.D.L.). A few experi- 
nents also included an investigation of the thigh muscles along with the ~as- 


croenemius and tibialis anterior. 
All activities were performed with the suvject barefoot. ach experiment 
consisted in observations with the subject in the recumbent and erect postures 


nn 


and during locomotion. In the supine position each subject moved his foot and 
ankle through their range of movement; performed isometric contractions against 
resistance in dorsiflexion, plantar flexion, inversion, and eversion; and carried 
out cireumduction of the foot. In the erect posture, observations were made during 
the following procedures: rising from a seated position to a relaxed standing 
position, first on a level surface and then on an inclined (uphill) and on a declined 
(downhill) plane of 20 degrees each; shifting the weight onto one extremity, paus- 
ing, and then onto the other; shifting the weight onto the front part of the feet 
without raising the heels and then back to the heels; changing from a relaxed 
standing position to one with the knees hyperextended; rising onto the toes from 
an erect standing posture and sustaining this position for about fifteen seconds; 
balancing on one extremity with the contralateral hip and knee flexed to 45 or 
90 degrees; and standing on one foot and rising to the tiptoe position Observa- 
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tions were made also during walking and stair-climbing. Each procedure was 
repeated three or more times 

The subjects were indoctrinated prior to each experiment. They were told 
that changing the position of the head, trunk, or upper extremities would cause 
changes in tension in the leg muscles and thus change the records They were 1n- 
structed to move only on command and to perform the requested activity as they 
would normally do it. The techniques of the experiment were planned to keep 
operational instructions to a minimum 

To record the stance and swing phases of walking, a runway, 120 inches in 
length, was constructed of two parallel units, one to be in contact with each foot. 
These units were composed of two strips of galvanized-iron sheeting, six inches wide 
and ninety-six inches long, which were attached to two plywood boards ten inches 
wide and ninety-six inches long. Wooden slats one-quarter of an inch thick were 
nailed lengthwise to the boards on each side of the metal sheeting. Chicken wire was 
attached to these slats and stretched tautly over each unit. A plastic mat was 
placed over both units. Electrical wiring was attached to the chicken wire and 
iron sheeting on each unit and was connected in series to a three-volt dry-cell 
battery. An electromagnetic signal was suspended above one channel of the ink- 
writing dynograph. Contact between the wire and iron sheeting caused by contact 
of the subject’s foot closed the cireuit and deflected the pen on the moving elee- 
tromyogram, thus delimiting the stance and swing phases of the extremity under 
study. The design of this runway separated the feet by approximately two inche 
and permitted the recording of four suecessive steps 

Electrodiagnosis or palpation, or both, during manual muscle testing by an 
experienced physical therapist were used to locate the muscles under study. The 
surface electrodes were monel-metal disks, 0.8 centimeter in diameter, with a 
hollow depression. They were placed equidistant from the motor point or over 
the belly of the musele with a minimum interelectrode space of two centimeters 
and on a line parallel with the muscle fibers. A mild erythema was produced by 
rubbing the skin of the selected areas with electrocardiographic jelly. The disks 
were filled with this substance and sealed in place with aeroplast and adhesive 
taupe. Because of the close anatomical proximity of the muscles, cireumduetion 
was performed by the subject to establish the faet that the action currents of 
individual muscles were being recorded (Fig. 1). Thus, the timing and magnitude 
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action potentials were believed to differentiate one muscle from another. 
In toto, thirteen experiments giving data from 816 electromyograms were 


subjected to analysis. The patterns of muscle action of the different subjects 


under the various conditions prescribed were superimposed and compared by use 
of a view box. The records of those subjects who repeated the same experiment 
several months later were also compared, and the electromyograms of the two 


studies were found to duplicate each of .c1 


INTERPRETATION OF RESULTS 

Typical recordings of the action potentials of the leg muscles during relaxed 
standing are illustrated in Figure 2. At first, electrical silence in all muscles was 
established during relaxed sitting, the subject then rose to his feet, which was 
designated on the electromyogram by the activity in the tibialis anterior and ex- 
tensor digitorum longus, and maintained an erect. position for varying lengths of 
time. Bursts of action potentials elicited during the act of standing were limited 
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\rrows mark the point at which the subject stood up from a seated position. These electro- 
myograms may be compared with Fig. 2-A which is a record of the same subject standing on 


level surface 
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Two records combined to show the action potentials elicited when the subject 
shifted the body weight from relaxed standing to a position with the weight on the 
balls of the feet 


primarily to the dorsiflexors; occasionally, a short period of increased activity 
occurred in the peroneus longus but this was not consistent among subjects or in 
any one person. The tibialis anterior and extensors to the toes acting from the foot 
planted firmly on the ground support the tibia on the tarsus as the subject rises 
to a standing position. Although periodic bursts of activity were usually present 
in the medial gastrocnemius during standing, activity in the lateral head was 
barely discernible in the majority of records. In the majority of ¢!ectromyograms, 
continuous action potentials were observed from the soleus, tibialis posterior, 
peroneus brevis, and flexor digitorum longus during standing. The magnitude of 
electrical activity in tnese muscles varied with each subject but was consistent 
in the same subject as shown by comparison of each subject’s records. Occasion 
ally, minimum activity was observed in the peroneus longus, but this usually 
diminished during the period of standing prior to and following an activity. For 
example, this activity diminished before the subject shifted his weight onto the 
fore part of the foot, when his mind was occupied by thoughts of performing 
the act. 

To determine whether the action potentials evoked from the medial head of 
the gastrocnemius were concerned with activity at the knee or ankle, the sub- 
ject was asked to hvperextend the knees (Fig. 3), which resulted in cessation of 


activity in the gastrocnemius. Because changing of the position of the knee from 
a relaxed to a rigid joint by action of the quadriceps eliminates the electrical 


activity in the gastrocnemius, it seems reasonable to assume that the gastroc- 
nemius is concerned primarily with alterations in knee position rather than with 
ankle function. 

In the soleus, tibialis posterior, flexor digitorum longus, and, usually, the 
peroneus brevis, activity ceased during the change from the relaxed to the hyper- 
extended position of the knee but activity in these muscles resumed after the 
subject was stabilized in the new posture. Because of the multiple insertions of the 
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toe flexors and the many joints which their tendons cross, we are uncertain whether 
the funetion of this musele during standing is concerned with the position of 
the tibia on the talus or with the position of the tarsal joints. Further investiga- 
tion is necessary to clarify this point. In any event, it seems evident that during 
relaxed standing the anteroposterior movements of the tibia on the talus are regu- 
lated by the three penniform muscles—the soleus, tibialis posterior, and peroneus 
brevis—which are already under tension by virtue of the change in position of 
the foot from the relaxed free position of about 30 degrees ot plantar flexion to a 
right-angle position of weight-bearing. The soleus acts by a direct pull on the cal- 
eaneus. The tibialis posterior and peroneus brevis act by virtue of their pulley 
system around the posterior aspects of the medial and lateral malleoli at the 
ankle and have a two-to-one mechanical advantage over the soleus in regulating 
the ante roposterlor movements of the tibia on the talus. The attachment of the 
tendon of the tibialis posterior on the plantar surface of the foot is such that this 
muscle is in an excellent position to aet rapidly in response to proprioceptive stim- 
uli caused by changes in tension in the tendons and ligaments as the center of 
vravity of the body moves forward, depressing the longitudinal arch. The tibialis 
posterior and peroneus brevis on each foot appear well placed to modulate the 
very minor transverse sway. Since the body weight is carried on the lateral bor- 
ders of the feet, as well as on the heels and front part of the feet, it is conceivable 
that transverse sway during stance with the weight equally distributed on the 
two feet is controlled sol ly by the peroneus brevis on each side. 

Relaxed standing with the feet on an inelined or on a declined plane of 20 
degrees (Fig. 4) does not influence the magnitude of the action potentials in the 
contracting muscles or change the muscles which participate, as shown by com- 
parison of Figure 4 with Figure 2-A. In comparing the records of all subjects the 
extent of contraction in the soleus is comparable to that seen in the flexors of the 


hyperextension, and the body weight is shifted forward to adjust the center of 
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Action potentials elicited in the weight-bearing extremity. The non-we 
bearing extremity was flexed 45 degrees at the hip and the knee 


gravity within the supporting base. The segmental alignment is reversed when 
compensating for standing on a declined plane. hese findings are contrary to 
those presented by O’Connell. He demonstrated that the dorsiflexors were more 
active when a person was standing on an inelined plane and that the plantar 
flexors contracted more strongly during standing on a declined plane. Possibly, his 
subjects were making a conscious effort to maintain the same posture on each 
slanted plane as when they were standing on a level surface 

When the subject shifted his body weight forward so that the mechanical axis 
fell in front of the geometrical center of the supporting base (Fig. 5), strong 


activity was demonstrated in the medial gastrocnemius, peroneus brevis, tibialis 


posterior, flexor digitorum longus, and soleus. Comparison of the action potentials 


of the two heads of the gastrocnemius shows that the lateral head contributes rela- 
tively little to this activity 

If the body weight continues forward, the heels lose contact with the floor, 
and, by strong contraction of the plantar flexors with a quick check in the forward 
movement of the trunk, the subject attains a new stable position on the balls 
of the feet (Fig. 6). As seen in this record, the initiation of action potentials In 
these muscles varies in timing. The medial gastrocnemius contracts strongly “as 
the weight shifts forward. This was also seen in the previous illustration. Simul- 
taneously, activity usually begins building up in the tibialis posterior, peroneus 
brevis, and soleus and reaches a peak before maximum contraction occurs 1n the 
peroneus longus and lateral gastroenemius. Since, as illustrated, the hamstrings 
and quadriceps contribute very little to this activity, and because it is extremely 
difficult for the subject to rise on his toes with locked knees, it may be assumed 
that the gastrocnemius plays a major role in adjusting the relationship of the 
femur on the tibia, whereas the plantar flexors act to control thr position ol th 
tibia on the foot. Once the position is assumed, the aetton potentials in all museles 
drop in magnitude to a level of muscular activity sufficient to maintain balance 
on the fore part of the foot 

Shifting the weight from both feet to one extremity evoked action pot ntials 
in all museles sampled in the supporting extremity. The response was magnified 
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Reading from left to right, the arrows delimit the action potentials recorded 
from the weight-bearing extremity during the following activities which were 
erformed in continuity: relaxed standing, standing on one foot, and rising 


standing on the fore part ot one foot. 


when the non-weight-bearing extremity was flexed at the hip and knee (Fig. 7). 
Bursts of muscle activity occurred as the subject endeavored to maintain his 
equilibrium. The magnitude of electrical activity varied from subject to subject, 
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Pattern of electrical activity during bare- 
foot walking 
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\ section of the pattern of action potentials of the right leg during stair- 
climbing. Deflection of the marker upward indicates the time that the right 
foot is in contact with the floor while the left foot is being placed on the 


first step. The marker drops as the right extremity is moved to the second 


} 


stey 


being less in the person most adept at standing on one foot. The more acute the 
angles of flexion of the non-weight-bearing extremity, the greater the contraction 
of the muscles in the supporting limb. 

The action potentials evoked during the clinical test for a rating of so-called 
normal strength in the gastrocnemius are illustrated in Figure 8. The subject 
stands on one foot, flexing the contralateral extremity to 90 degrees at the hip 
and knee. Then, with minimum stabilizing assistance from the operator, the sub- 
ject rises and balances himself on the ball of one foot. The effects of the various 
postures on the magnitude of the action potentials and on the participating mus- 
cles are obvious 

The patterns of activity of the gastrocnemius and soleus muscles during the 
stance phase of walking (Fig. 9) are not unlike those recorded during standing 
on one leg. Figures 7, 8, and 9 are electromyograms of the same subject recorded 
during one experiment and therefore ean be used for comparison. In all subjects, 
the magnitudes of the action potentials evoked in these two muscles during walk- 
ing were less than those elicited during the performance of rising on one limb or on 
both limbs onto the fore part of the foot. Furthermore, if the marker delimiting 
the stance and swing phases was set to record the position of the contralateral 
limb, the timing of the pattern of gastrocnemius and soleus activity coincided 
with the swing phase of the contralateral limb. Little can be added to the exten- 
sive analysis of human locomotion previously published except to reiterate the 
chain or linkage action of the lower extremity with respect to the function of these 
muscles. During the stance phase, the body moves forward, over, and past the 
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weight-bearing extremity. The hip extends to a near maximum, and at this point 
the heel is passively pulled away from the floor as the body weight continues for- 
ward. At this point the tibialis anterior and extensor to the toes contract to lift the 
fore part of the foot off the ground. 

An additional comparison of the magnitude of triceps surae action during 
single-limb standing and push-off activity is seen in stair climbing (Fig. 10). The 
difference in extent of contraction is obvious and reinforces the concept that dur- 
ing walking these muscles function as stabilizers of the weight-bearing appendage 
while the other extremity swings through. 

The data presented do little more than confirm what has been deduced clini- 
cally concerning muscle action in the lower extremity during weight-bearing. How- 
ever, this experimental evidence may serve to clarify thinking concerning the 
function of these muscles. Further investigations are needed relative to the func- 
tion of the muscles which act on the fore part of the foot. 


SUMMARY 

Multilead electromyographic studies were made on ten normal young adults 
to investigate the function of the muscles acting on the ankle during weight- 
bearing activities. Action potentials were picked up with surface electrodes from 
the tibialis ahterior, extensor digitorum longus, tibialis posterior, peroneus longus 
and brevis, medial and lateral gastrocnemius, soleus, and flexor digitorum longus. 
The activities performed were: relaxed standing, standing on an inclined and on 
a declined plane, shifting the body weight from the fore part of the foot to the 
heel, standing on one extremity, standing on the toes of both feet and on the fere 
part of one foot, relaxed walking, and stair-climbing. The evidence presented sup- 
ports the following conclusions: 

In the erect posture the gastrocnemius acts on the knee to maintain a slight 
degree of flexion. The medial head is more active than the lateral. 

The soleus, in conjunction with the tibialis posterior and peroneus brevis, 


adjusts the position of the tibia on the tarsus and secondarily contributes to the 
femorotibial relationship at the knee. 

At the ankle the act of standing up is controlled primarily by strong contrae- 
tion of the tibialis anterior and extensor digitorum longus. These muscles stabilize 


the tibia on the tarsus as a person rises to an erect posture. 

The magnitude of the action potentials of the leg muscles is the same, whether 
the subject stands on a level surface or on a plane inclined or declined to 20 de- 
grees. The postural alignment of the body is automatically adjusted to keep its 
center of gravity over the center of the supporting base. 

In the gait pattern, the gastrocnemius and soleus muscles stabilize the kne« 
and ankle during the stance phase while the non-weight-bearing extremity is in the 
swing phase 

Additional studies of the action of the intrinsic and extrinsic muscles of the 
foot with particular reference to their specific roles in weight-bearing activities 
are needed. These studies would provide the basie understanding needed to plan 
the most effective treatment and reconstruction procedure to be used when normal 
function has been impaired. 
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Most of the experimental work on reactions to homografts has been done 
with tissues other than bone. The current concept of the reaction to homografts 
is that the graft (skin, tumor, and so forth) releases antigen, which according 
to Seothorne, probably passes “directly via the host lymphatics in the graft 
bed” to the regional lymph nodes—the antibody-forming apparatus of the host. 
The antigen in homogenous tissue which calls forth the homograft reaction has 
not yet been identified precisely. A DNA-protein complex of cell nuclear origin 
was originally proposed, but more recent investigations have suggested that 
although DNA-protein may be necessary, the actual antigenic matter may be 
a lipopolysaccharide, separable from the DNA-protein?!!. There is also thi 
indetermined role of the H2 system of antigens in tissue incompatibility °. 

The greatest body of evidence today supports the view that the agents 
which directly affect homografts are antibodies attached to intact whole cells, 
probably lymphocytes. Among the most convincing arguments in this regard 
are the elegant experiments by Algire and his associates, which showed that a 
homograft enclosed within a porous membrane will survive transplantation 
only if the pores of the membrane are small enough to prevent the passage 
of whole cells, but large enough to allow blood solutes (such as humoral anti- 
bodies) to enter freely. Several studies of bone homotransplantation have 
made mention of a cellular reaction around the graft** 7, Other authors *°, 
however, have described a role for circulating antibody as compared to the fixed 
tissue antibodies just mentioned. Gorer, in particular, emphasized the importance: 
of the H2 antibodies found in response to the histocompatibility (H2) systems 
of antigens in mice. With the exception of a previous report by us ®, only one other 
attempt is known to have been made to identify circulating antibodies to homo- 
genous bone. Bonfiglio, using a soluble fraction of rabbit bone injected along with 
an adjuvant into rabbits, reported the identification G! a complement-fixing anti- 
body of low titer 

The following experiments were undertaken to explore further the presence, 
if any, of circulating humoral antibodies in response to homogenous bone 


fractions used as antigen 
METHODS AND MATERIALS 


I. Circulating Antibody 

Under aseptic precautions, both femora and both iliae crests were re- 
moved from two New Zealand white rabbits (A and B). All epiphyseal and 
joint. cartilage was removed. Twenty milliliters of serum was also removed 


* Supported in part by grants from the Easter Seal Research Foundation of the National 


Society of Crippled Children and Adults, and the United States Army Grant Number DA-49 
007-MD-961 
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from each of these rabbits by cardiac puncture and then stored frozen. The 
removed bone was wrapped in a sterile towel and broken up into smaller 
pieces with a hammer, the cancellous bone being further minced with scissors. 
These fragments v1 bone were then pulverized further in the Waring blendor 
in the cold room at 4 degrees centigrade with enough normal saline solution 
to make a 25 per cent homogenate. The homogenate was allowed to settle, 
the supernatant was centrifuged, and the resulting supernatant frozen and 
stored at minus 40 degrees centigrade as the soluble fraction. The residue was 
also frozen at minus 40 degrees centigrade, reduced to a still finer state with 
a mortar and pestle under liquid nitrogen, and stored as the insoluble fraction. 

wenty New Zealand white rabbits, five to six pounds in weight, which 
were not litter mates were divided into two series of ten each. A preliminary 
control bleeding (‘“‘C” bleeding) of thirty to forty milliliters was taken from 
each rabbit, and the serum frozen at minus 40 degrees centigrade. 

The first series of ten rabbits was further divided into two groups of 
five. One group (AIT) received the insoluble fraction from rabbit A which 
was injected subcutaneously in the back as an emulsion composed of two mil- 
liliters of adjuvant *, two milliliters of normal saline solution, and ten milli- 
grams ol the insoluble fraction of bone prepared as deserbed. The second 
group of rabbits (AST) received one milliliter of adjuvant together with one 
milliliter of the soluble fraction from rabbit A injected intramuscularly. 

The second series of ten rabbits was also divided into two groups of five 
and each group received injections in exactly the same manner as the first 
croup except that the soluble and insoluble bone fractions used were from 
rabbit B (BIT and BST). 

Each rabbit was bled (first bleeding) from the heart three weeks afte: 
the injection, and twenty milliliters of the serum so obtained was frozen and 
stored. One week later, a booster dose (four milligrams of the insoluble frac- 


tion, dispersed in two milliliters of normal saline solution, injected subcutane- 
ously; two milliliters of the soluble fraction, injected intraperitoneally) was 
given to the appropriate rabbits and the animals were bled again (“B” bleed- 
ing) four or five days later. The serum procured from this bleeding was also 


frozen and stored. 


A. Insoluble Fraction 

The control sera and the sera taken from the rabbits in the AIT and 
BIT series (ten rabbits) were dialyzed against 1.4 volumes of 3M = am- 
monium sulphate at 0 to 5 degrees centigrade '®. The gamma globulin obtained 
by this procedure was washed with cold 1.75M ammonium sulphate, and re- 
dissolved in distilled water. This process was repeated until the gamma globulin 
had been precipitated three times; it was then dialyzed against normal saline 
solution. Some of these samples were lyophilized, but most of them were stored 
frozen at minus 40 degrees centigrade. The gamma-globulin content of the 
preparation was determined by measuring the extinction coefficient, using the 
value for ELS equals 0.01 ». 

2800 P 

The antibody content of the sera from the rabbits receiving the insoluble 
fraction was measured in the following manner. Approximately ten milligrams 
of gamma globulin from each of the three bleedings (control, first, and “B” 
bleeding) from each rabbit in this series were iodinated simultaneously with 
[131.1 and the unbound I ™! dialized away from the radiolabeled gamma 
globulin. The radiolabeled gamma globulin was then added to ten milligrams 
of bone (from A rabbit for AIT group and from B rabbit for BIT group) in 


Adjuvant consisted of 1.5 milliliters of arlacel A and 8.5 milliliters of bayol F, and dry 
killed tubercle bacilli to the amount of two milligrams per milliliter 
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saline solution containing 100 times the rad) .abeled gamma-globulin weight 
of cold carrier protein (dialyzed concentrated human serum) to inhibit non- 
specific binding. This mixture was shaken in the cold overnight, and the super- 
natant removed after centrifugation. The residue of bone and_ radiolabeled 
gamma-globulin complex was washed in the same protein-rich saline, until the 
number of counts in the wash were constant and minimum. The remaining 
bone was then counted in a well-type scintillation counter and weighed. The 
radiolabeled gamma globulin retained was computed from its specifie activity 
as earlier determined. The bound antibody was calculated by subtracting 
he radiolabeled gamma-globulin content of the control residues from the radio- 
labeled gamma-globulin content of the experimental residues 

A typical result of such an analysis is shown in Chart I where different 
proportions of bone to radiolabeled gamma globulin are plotted against the 
radiolabeled gamma globulin bound. It can be seen that while the data are 
nicely reproducible, it is necessary fer accurate interpretation of results to be 
working in the straight line region of the curve, that is, where non-specifie 
binding is constant and minimum. The vertical difference between the two 
curves, when significant, represents binding due to the presence of antibody. 
It can be seen by the curves in Chart I that there is no significant difference 
between the control and postinjection sera. 

We feel, therefore, that values obtained at levels below seven milligrams 
of bone per milligram of radiolabeled gamma globulin are subject to a larger 
error than those obtained at this or greater values. 

In Chart I there are two points shown at five milligrams of bone per 
nulligram of radiolabeled gamma globulin which appear to represent a differ- 
ent population. These values were obtained from the same system, but were 
iodinated and assayed at a different time. This would appear to be due to a 
variable modification of the proteins due to the iodination, despite the fact 
that substantially less than an average of one iodine atom was introduced 
into each protein molecule (assuming the molecular weight of gemma. globulin 
to be 160,000). From the reproducibility of the data within a ven experi- 
ment, however, the method appears to be both highly sensitive and suitable 
for the quantitative demonstration of antibody to insoluble bone. 

The data given in Table I show ihe results expressed as the ratio of 
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TABLE I 


Vg Bon ug Antibody GG* Bound 


Rabbit Bleeding Vg. GG ug Control GG* Bound 


Kxperiment no 


15 | * (control) 
(first bleeding) 


(booste r) 


GG* represents radiolabeled gamma globulin 
Values close to 1.0 indieate «a lack of specific binding, that binding simular 
the controls 
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Each animal in a given group was bled on a given day. The titers shown are the averages 
of individual titers. Each point represents the mean titer of all sera in the given group 


“immune” radiolabeled gamma globulin bound to the control radiolabeled gam- 
ma globulin bound, after suitable washing and counting. The antibody levels 


of the “immunized” rabbits are on the same order as the control levels, and 
no evidence for a circulating antibody was found 


B Soluble Fraction 


1. Hemagglutination: The sensitive hemagglutination method of Boyden, 
as modified by Stavitsky, was used. No evidence of hemagglutination by the 
serum of any of the rabbits receiving the soluble fraction of the homogenous 
bone was observed. 

2. Agar diffusion technique: Sera from the rabbits injected with the solu- 
ble fraction were also examined for precipitins by the double-diffusion method 
on agar-gel plates, essentially according to the method of Ouchterlony. All 
sera tested consistently failed to show the presence of antibody by this 
method 


II. Properdin 

The reports of Pillemer and his coworkers concerning the properdin sys- 
tem suggested study of the possible relationship of this natural defense mech- 
anism to the immune response in bone homografting. To investigate this, the 
following experiment was done (Chart IT). 

Three groups, each consisting of twelve healthy, young adult, New Zea- 
land white rabbits were used. In Group I, closed manual fracture of the left 
tibia was done without external fixation. In Group II, the erest of one illum 
was removed as an autogenous-bone graft and buried in the paraspinal mus- 
cles. In Group III, the iliae crests were exchanged between six pairs of rabbits 
(twelve rabbits in all) and buried in the paraspinal muscles. Serum samples 
on each rabbit were obtained on the day before operation and at approxi- 
mately regular intervals for ten subsequent samples, until the animal was 
sacrificed five weeks postoperatively. The serum samples thus obtained were 
assayed for properdin titer at Dr. Pillemer’s laboratory. 

The properdin titer was found not to be affected by either autogenous o1 
homogenous bone grafts, but the fracture group showed a gradual and sig- 
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nificant decrease in properdin titer. We believe that this might be due to 
release of cell-bound lipopolysaccharide in the adjacent traumatized area 


DISCUSSION 


The statement has been made by Medawar '* that “there is no known way 
of killing cells which does not greatly reduce their antigenic potency”. The 
one feature that all methods of sterilizing, preparing, or storing homogenous 
bone have in common is the almost certain death of the contained cellular 
elements of the bone. If the source of antigen is in the contained cellular ele- 
ments, one might expect that a homograft with this antigenic source removed 
(as by denaturation of the cell contents) would be essentially inert and aec- 
cepted by the host as regularly as an autograft. This does not happen. How- 
ever, it is not appropriate to make too exact comparisons between bone as a 
graft tissue and other tissues, such as skin or kidney. In the ease of the latter 
tissues, the host is expected to accept living tissue, nourishing and maintaining 
it without replacement. With bone grafts, however, incorporation and replace- 
ment of the graft by the host is weleomed, and the quicker the surround- 
ing tissue can be induced to form new bone, the better. 

In the rabbit experiments reported here, three sensitive methods for the 
detection of circulating antibody failed to diselose evidence of an antibody 
In response to homogenous-hone fractions. The method of immunization used 
in these experiments has been employed successfully by others ®!?° in the 
production of antibodies to homogenous organs and is the most effective pro- 
cedure available in this regard. It is highly possible, of course, that antigen 
was destroyed in the preparation of the immunizing material. Also, a non- 
circulating type of immunity of the delayed inflammatory type has not been 
excluded by these experiments. An immune reaction of this type may still be 
a possible mechanism for the homograft reaction. As just mentioned, cellular 
response to homogenous-bone transplantation has been documented by several 
workers. The role of this response in the fate of the bone graft, however, is 
still obscure 


SUMMARY 


Groups of rabbits were injected with soluble and insoluble portions of 
rabbit bone. No circulating antibody could be detected by binding of radio- 
iodinated gamma globulin, erythrocyte hemagglutination, or agar-gel diffusion. 

Insignificant differences in properdin titer were observed in rabbit sera 
following experimentally produced fractures, autografts, and homografts. 


Note: The authors wish to acknowledge the invaluable advice and assistance of the late 
Dr. Lonis Pillemer in connection with the properdin studies. Grateful acknowledgment is also 
made of the technical assistance of Mr. Stanley Baer and Mr. Otis Ray 
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Medullary Fixation of Fractures of the Forearm 


A Strupy oF THE MEDULLARY CANAL OF THE Rapl, xD A Report oF FIirt 
FRACTURES OF THE RaApius TREATED WITH A PREB .f& TRIANGULAR NAIL ® 


BY FRED P. SAGE, M.D., MEMPHIS, TENNESSEE 


From the Campbell Clinic and Foundation and the t niversity 
of Tennessee Colle ge of Medicine, Me mphis 


Medullary fixation of diaphyseal fractures of the radius has in the past 
vielded equivocal results. The unsatisfactory results were usually due to fail- 
ure of the fixation device to immobilize bone fragments adequately to ensure 
union. A method of medullary fixation has been developed which seems to 
have some advantages over those methods previously reported. 


HISTORY 


Medullary fixation of diaphyseal fractures has been used for more than 
fifty years. Nicolaysen, according to Watson-Jones and others, f vst deseribed the 
details of the principles of medullary fixation in 1897, and then Delbet de- 
scribed them ** in 1906. Lambotte began axial fixation of fractures of the clavi- 
cle in 1907, and later used similar fixation in fractures of the distal radius and 
ulna *’. These earlier attempts were with small pins which did not fully engage 
the cortical boundaries of the canal. In 1916 and in 1918 Groves first used a large 
nail for two femoral fractures which fully engaged the cortex, but because of 
the difficulties which arose, in these instances, with tissue reaction to metal, his 
efforts were not widely acclaimed, and Hoglund, in 1917, advocated the use of 
bone in medullary transplants, inlays, and pegs, and advised against the use of 
any metal. 

After the work of Venable, Stuck, and Beach in 1936 on electrolysis of metal 
in vivo, one great disadvantage of medullary fixation was overcome, and dur- 
ing the last twenty years medullary fixation has come of age. In 1937 and 1939, 
L. V. Rush and H. L. Rush reported use of a Steinmann pin in the medullary 
canal of the ulna in a comminuted Monteggia fracture, and in the medullary 
canal of the femur for a subtrochanterie fracture. In the subsequent years, after 
much study, they developed pins and techniques which they advocated for nu- 
merous fractures of the extremities °°. In 1937 Murray began the use of axial 
wire fixation for fractures of the clavicle; in 1940 he reported twenty-nine cases 
so treated without infection or non-union and proposed the use of this method in 
bones with small medullary canals such as the radius, ulna, and fibula. Con- 
currently, Lambrinudi, in 1939, used Kirschner-wire fixation in two cases of 
non-union of the radius and ulna 

In March 1940, at the German Congress for Surgery, Kiintscher presented 
convincing evidence concerning the value of a medullary-fixation device which 
snugly fitted the entire length of the bone *°. This soon received wide acelaim in 
Germany, but, because of World War IT and the resultant lack of exchange of 
foreign literature, his efforts received little publicity in this country at that 
time. After the war, the results of his work were reviewed here and for the 
most part were widely accepted. In this country over the past ten years 
Street 32:33.54.35 and Lottes have modified the materials ana techniques for 
medullary fixation of the femur and tibia to the ;vint where, under proper in- 
dications, this method has beeome the treatment of choice. 

There are essentially two different principles of medullary fixation in use 


tead in part at the Annual Meeting of The American Academy of Orthopaedic Surgeons 
Chicago, Illinois, January 27, 1959 
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Fic. 1 
Drawings demonstrating the effect of distraction of the ulna by loss of the radial bow. 
(From Smith, Hugh, and Sage, F. P.: Medullary Fixation of Forearm Fractures. J. Bone 
and Joint Surg., 39-A: 91-98, Jan. 1957.) 





Fic. 2 


The cross-sectional contour of the medullary canal of two radii at three 
points along the diaphysis. 


today. The first is the three-point fixation described by Rush **, in which the 
nail does not fill the medullary canal. In this situation fixation depends on the 
springiness of the metal which maintains contact between the device and the 
bony cortex at three points along the medullary canal. This means that a curved 
pin is placed down a straight canal, or a straight pin down a curved canal. The 
other principle is that of Kiintscher in which firm contact of the nail against the 
cortical walls of the canal both above and below the fracture gives fixation 2. 
Certainly, if the metal in this instance is sufficiently rigid, immobilization will 
occur 

The advantages of medullary fixation for fractures of the femur and tibia 
have not been apparent in fractures of the radius and ulna. At the Campbell 
Clinic, the results of medullary fixation of forearm fractures have been evalu- 
ated in three investigations. In 1949, Knight and Purvis reported comparative 
results in forty-one fractures of the radius and ulna treated by manipulation, 
thirteen fractures treated by open reduction without rigid internal fixation, 
twenty treated by plates, fifteen treated by primary bone-grafting, and eleven 
treated by medullary wires. In the last group of fractures there were six unsatis- 
factory results, due to loss of rotational alignment, xngulation, or non-union. 
Bachynski and Smith, in 1953, reviewed seventy-nine patients with fractures in 
the diaphysis of the radius, the ulna, or both forearm bones, and found a high 
incidence of malalignment, malunion, or non-union; over 50 per cent had unsat- 
isfactory results. In 1955, under the sponsorship of the Office of the Surgeon 
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General of the United States Army, the results of a series of 555 fractures of 
the forearm in 338 patients were analyzed at the Campbell Clinic **. These pa- 
tients came from eighteen orthopaedic centers scattered throughout the United 
States and had been treated by men thoroughly experienced in the principles of 
medullary fixation. Kirschner wires, Kiintscher V-nails, Steinmann pins, and 
Lottes forearm nails had been used, as well as Rush pins which were distributed 
for the project. In 416 fractures of the radius and ulna in which medullary 
fixation was used (188 in the radius and ulna, fifty in the radius alone, and 
seventy-nine in the ulna alone), non-union was found in 21 per cent. So high a 
rate of non-union could not be judged as favorable to medullary fixation. How- 
ever, when those fractures with Kirschner-wire fixation, which had a non-union 
rate of 38 per cent, were excluded, a non-union rate of 14 per cent in fractures of 
both bones of the forearm and in fractures of the ulna alone was found. In frac- 
tures of the radius alone, however, the incidence of non-union remained at over 
20 per cent. 

To judge from the results reported elsewhere in this country, there appear 
to be three schools of thought on medullary fixation of the forearm, and all 
regard it as ideally a good procedure. One group *5:7627.28 wholeheartedly en- 
dorsed it, but these proponents of the method presented only relatively small 
series of cases or no cases at all, so that valid conclusions cannot be drawn 
concerning their results. A second group ** favored closed reduction where pos- 
sible, using medullary fixation only where closed reduction is unsu*cessful. The 
third group?51!5 favored closed reduction wherever possible and pin fixation 
of the ulna and plate or screw fixation of the radius when necessary. 

Elsewhere in the world, the first enthusiasm for Kiintscher medullary nail- 
ing in the forearm has waned. Bohler, first an advocate 7, later stated in 1949 * 
that he no longer used it for fractures of the tibia or of the forearm. Palmer, 
in 1950, stated: “Intramedullary nailing presents many problems and with 
it we have encountered greater technical difficulties than with any other 
method” **. In other centers in Europe, as in this country, medullary fixation of 
the forearm continues to be used, but most reports from all parts of the world 
have emphasized the difficulties encountered. 


PRESENT PROBLEMS 


In view of the failure of medullary fixation, the question as to whether open 
or closed reduction of fractures of the forearm should be used has remained un- 
settled. In the hands of most orthopaedic surgeons, clo d reduction has been 
unsatisfactory since this method of treatment represents a compromise in which 
malposition is accepted to ensure union. However, for some surgeons, such as 
Evans and Patrick, these fractures have produced less of a challenge. Certainly, 
at present we would agree with those who believe that the preferred treatment 
for a closed fracture is to reduce the fragments anatomically by manipulation 
and to immobilize them satisfactorily with plaster. The fect that this often can- 
not be achieved, however, is attested by Compere, Stuck and Thompson, How- 
ell, Kennedy, and Knight and Purvis. The use of plates and serews has likewise 
been advocated in lieu of medullary fixation—and with slotted plates the con- 
tact compression described by Eggers and his associates can take place—but in 
this situation there is also a high rate of non-union, because the insertion of a 
plate requires extensive dissection and periosteal stripping *!°. If a satisfactory 
method of medullary fixation could be devised, it might become the preferred 
treatment. Open reduction always brings the possibility of infection, but with 
aseptic technique there is little or no difference in the rate of infection after 
medullary nailing under closed and under open methods. The advantages of 
nailing by open reduction far outweigh those of nailing with closed reduction 
when al! complications incident to the latter are considered. 

The disadvantage of medullary fixation—the delaying of the formation of 


« 
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callus—has appeared in the past to be more theoretical than real because clinical 
studies of fractures of the femur have suggested that after medullary fixation 
there is neither delay nor acceleration of healing. The recent work of Trueta and 
Cavadias, however, on the destruction of the nutrient artery of the bone during 
medullary fixation, with loss of endosteal and interstitial callus and overpro- 
duction of perivsteal callus, is most convincing. This perhaps accounts for some 
of the earlier reports on the overproduction of callus both at and away from 
the fracture site. In the present study of the radius and ulna, as shall be dis- 
cussed later, a delay in production of interstitial callus between the cortices 
was found. 

The problem of fat embolism seems to be purely theoretical. Although 
manometric studies on the medullary cavity have shown that an increase of pres- 
sure develops during the driving of the nail **-*%, clinical studies have not sub- 
stantiated an inerease in the incidence of fat embolism with this method of treat- 
ment **, Certainly, open reduction of the fracture would tend to decrease these 
pressures 

The unsatisfactory results often encountered in medullary nailing of the 
forearm hae been due primarily to either lack of fixation of the radius in 
anatomical position or failure to maintain that position. It has been strongly 
emphasized that in order to preserve pronation and supination, the normal are 4 
as well as the rotational alignment ' of the diaphysis of the radius must be pre- 
served. The fact that failure to maintain this are also leads to the distraction of 
the fragments of a fracture of the ulna, with consequent malunion of the radius 
and non-union of the ulna, is not so well known ** (Fig. 1). The ulna, being a 
relatively straight bone, is well suited for medullary fixation, and the rate of 
non-union after medullary fixation of solitary fractures of this bone is accept- 
able. This is not so, however, with the curved radius. Therefore, it seemed to me 
that a nail of appropriate shape and temper should be devised for the radius 

The Kiintscher principle of filling the medullary canal seemed superior to 
three-point fixation. The medullary canal is elliptical or oval in cross section * 
(Fig. 2). A round pin, even with three-point fixation, may rotate in a round 
canal, and for this reason it was decided that the shape of the nail should be irregu- 
lar in cross section: either triangular, square, rectangular, or of the contour of a 


parallelogram. The last two forms closely approach the contour of the canal, 


but nails with these shapes, which were small enough to be accommodated in the 
canal of the radius, were not sufficiently rigid to bending in the plane of their 
short diameters. A nail triangular in cross section was therefore planned. 

If the Kiintscher principle ef filling the canal was to be followed, we realized 
that a straight nail could not mect all the necessary requirements. A prebent nal 
was therefore contemplated (Fig. 3), to be made of a metal sufficiently springy 
to bend as it traversed the canal from the point of insertion, but. resilient 
enough to spring back to its prebent contour when finally seated, and, in the end, 
rigid enough to withstand the torsional, rotational, and angulatory forces of the 
muscles of the forearm. 

To determine the proper curves and length of this nail, a thorough knowl- 
edge of the radial medullary canal in all its dimensions was necessary. Text- 
books of anatomy lacked detail; the only material available was the study 
made by Ehman, as cited by Boéhler*, in which thirty radii were analyzed, and 
this was not sufficiently complete for individual analysis. The following study 


was therefore made 
STUDY OF RADIL FROM CADAVERA 


One hundred and twenty radii from dissected cadavera were obtained for 
study, over a period of eighteen months, from the Division of Anatomy of the 
University of Tennessee Medical Units. One hundred of these were retained 
for study of the medullary canal, and the remaining twenty were used in ex- 
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Fic. 4 
Anteroposterior and medial-to-lateral views of an acrylic model of the 
medullary canal of a radius 

















Schematic drawings to show the two distal and two proximal angles in the longitudinal 
ixis of the radial medullary canal and the distal angle of insertion of the nail 


perimental fixation of fractures, insertion and extraction of the nail, and other 


preliminary studies. The cause of death of the cadavera was generally associated 
with chronic illness or senility, and the average age was 66.3 years; three-fifths 
were male, and two-fifths were female. The ratio between whites and Negroes 
was one to two. From the age and the cause of death, one would expect that the 
medullary canal would be larger than that found in young, vigorous adults, and, 


consequently, that the inside measurements would be larger than those found in 
an average clinical series, but that the shape and contour of the canal, however, 
would be unchanged. The two bones of the forearm were cleaned of soft tissue, 
and the outside measurements of the radius were taken. The radius was then bi- 
sected in the anteroposterior or mediolateral plane, and the angulations and 
diameters of the canal, the thickness of the cortex in various parts of the shaft, 
and the extent of cancellous bone at each end were measured. For bisecting the 
bones, a bandsaw measuring 0.025 inch (0.635 millimeter) in thickness was 
used, which removed a width of bone measuring 0.75 millimeter. Accordingly, 
this 0.75 millimeter was added to the actual measurement of the anteroposterior 
diameter of the medullary canal if the bone was transected in the mediolateral 
plane and also added to the mediolateral diameter if the bone was transected in 
the anteroposterior plane. An attempt was made to divide the bone slightly off 
the central plane so that the thickness of the cortex at the four points measured 
would be unaffected by the amount of bone removed by the saw. Measurements 
were taken with inside and outside calipers. 
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The 100 radii consisted of forty-three pairs of radii, and nine single radii 
from the right side and five from the left. Their average length was 9.87 inches 
(25.06 centimeters), the right radius averaging 0.05 inch (1.27 millimeters) 
longer than the left. Of the forty-three paired radii, the right was longer in 
eighteen instances, the left was longer in nine instances, and the two sides were 
equal in sixteen instances. The shortest radius was 8.2 inches (20.8 centimeters) 
long; the longest was 11.4 inches (28.9 centimeters). The over-all width of the 
bone was measured at two points: the junction of the middle and distal thirds, 
and the junction of the middle and proximal thirds. At the junction of the mid- 
dle and distal thirds, the average anteroposterior measurement was 11.6 milli- 
meters, and at the junction of the middle and proximal thirds, 13.0 millimeters. 
The average medial-to-lateral width, at the junction of the middle and distal 
thirds, was 14.8 millimeters, and at the junction of the middle and proximal 
thirds, 16.4 millimeters. The nutrient artery was found to enter the volar 
aspect of the radius in a proximal direction at a point averaging 8.9 centimeters 
from the proximal end (range, 5.5 to 11.5 centimeters). 

The radius and its matching ulna were then articulated, and the width of 
the interosseous space was measured in full supination at the junction of the mid- 
dle and distal thirds of the radius and at the mid-point of the insertion of the 
pronator teres on the radius. At the former, the interosseous space ranged from 
1.0 to 2.2 centimeters in width, and averaged 1.55 centimeters; at the point of 
insertion of the pronator teres the maximum width of the interosseous space was 
1.8 centimeters and the minimum was 0.5 centimeter, with an average width of 
1.08 centimeters. These widths are relative rather than actual, however, for 
during the cleaning process the articular cartilage was removed from the bones 

Several acrylic models were made of the medullary space of the radius 
after the bone had been sectioned and the medullary canal cleaned with a cu- 
rette. From these models (Fig. 4) it was apparent that there are four curves in 
the medullary cavity of the radius which can be described in terms of four 
angles (Fig. 5): two distal (BDG and NIM) and two proximal (DEF and IKL). 

The two distal angles (BDG and NIM) are formed by lines joining the 
geometrical center of the distal articular surface of the radius (B,N) with the 
center of the medullary canal at the level of the bicipital tubercle (K,£), with 
a common point of intersection at the center of the medullary canal at the level 
of the point of insertion of the pronator teres (D,J). 

The two proximal angles (DEF and IKL), which open in the opposite 
direction from the distal ones, are formed by lines joining the geometrical cen- 
ter of the proximal articular surface of the radius (F,L) and the center of the 
medullary canal at the level of the insertion of the pronator teres (D,J), with a 
common point of intersection at the center of the medullary canal at the level 
of the bicipital tuberosity (K,F). 

The proximal limbs of these proximal angles (KF and AL) were short, 
averaging 3.5 centimeters, whereas the distal limbs of the distal angles (BD 
and NJ) averaged 13.2 centimeters. All four angles had a common segment, DE 
and IK, from the insertion of the pronator teres to the bicipital tubercle, which 
averaged 6.8 centimeters ‘ 

The complementary angles of those angles Just described, two distal (BDH 
and JIN), and two proximal (FEG and LKM), were also determined. In the 
distal portion of the canal, angle BDH averaged 9.3 degrees, ranging from 6 
to 13 degrees, and angle JIN averaged 6.4 degrees, with a range of from 3 to 10 


degrees. In the proximal portion of the canal the complementary angles FEG 
and LAM were almost equal, ranging from 6 to 20 degrees, with average ot 
13.1 degrees. These two proximal angles are of no importance in medullary 
nailing, since their proximal limbs are so short that the nail, for reasons of 
safety, cannot extend far enough across the angles to obtain even three-point 
fixation 
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TABLE | 


AVERAGE THICKNESS OF CorTEX OF 100 Rapti FROM CADAVERA 


Average Thickness Average Thickness 
at Junction of at Junction of 
Middle Third and Average Thickness Middle Third and 
Distal Third at Mid-point Proximal Third 
Aspect of Radius V illimeters) (Millimeters) (Millimeters ) 


' 2 
Posterior 


Anterior 
Latera 


Medial 


~ tN bo te 


TABLE II 


SMALLEST ANrEROPOSTERIOR DIAMETERS AND THEIR Locations tin 100 Rapu FROM CADAVERA 


Measurement 
Diameter Villimeters ) Location Percentage 
Maximum smallest 8.25 Junction of middle third 
and distal third 
Minimum smallest 3.0 Mid-point 
Junction of middle third 
Average 5.3 and proximal third 
Mid-point and at junction of 
middle third and distal third 


TABLE Hl 


SMALLEST Mepiat-ro-LATERAL DIAMETERS AND THEIR LocaTIoNs IN 100 Raptr FROM CADAVERA 


Measurements 
Diameter VW illimeters ) Location Percentage 
\Miaximum smallest : Junction of middle third 
and distal third 14 
Minimum smallest Bi Mid-point 73 
Junction of middle third 
ind proximal third 
Mid-point and at Junction ol 
middle third and distal third 


Another angle (ACB), the angle of insertion for the nail, was also meas- 
ured. This angle is formed by the intersection of line BD, which has already 
been described, and line AC which extends proximally from the intended point of 
insertion of the nail on the radial styloid (A) for a distance of two inches (5.1 
centimeters) to the point of intersection (C). This angle ranged from 15 to 28 
degrees (average 20.5 degrees). It represents the amount that the distal end of 
the nail would have to be prebent to permit its complete insertion into the medul- 
lary canal 

The over-all length between the mid-point of the subchondral bone of the 
head of the radius and a similar point beneath the distal articular surface aver- 
aged 23.4 centimeters. The cancellous bone in the radial metaphysis extended 


proximally from the radial styloid for an average distance of 5.12 centimeters, 
and distally from the head of the radius for an average of 3.7 centimeters. In 
almost every specimen, cancellous bone half filled the proximal medullary canal 
to a point just distal to the bicipital tubercle. The extent of cancellous bone in 
forearm fixation does not seem very important, however, because a nail small 
enough to be accommodated by the radius has so small a surface area that little 
if any fixation can be obtained in cancellous bone. This fact was borne out by 
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the clinical use of trial nails. The nail could always be rotated easily in the can- 
cellous bone and did not become fixed until it was firmly seated against corti- 
cal bone. 

The thickness of the anterior, posterior, medial, and lateral cortex of the 
radius was measured at three points: the junction of the middle and distal thirds, 
the mid-point, and the junction of the middle and proximal thirds of the radius 
(Table I). The diameter of the medullary canal in each plane (Table Il and 
Table III) was usually inversely proportional to the thickness of the cortex at 
the point of measurement; that is, the thicker the cortex, the smaller the canal. 


Fia. 6 
Fractures of both the radius and the ulna treated by internal fixation with the earliest nails, 
three millimeters in diameter and of improper temper. Note the loss of the central bow of the 
nail. Nevertheless, solid union of both fractures was secured 


In 94 per cent of the cases, either the smallest anteroposteri wr diameter or 
the smallest medial-to-lateral diameter was located at the mid-point of the 
radius. In only 4 per cent of the cases were both the smallest anteroposterior and 
the smallest medial-to-lateral diameters found together at a point away from 
the mid-point of the radius. In these 4 per cent the smallest diameters were found 
at the junction of the middle and distal thirds. Therefore, at the time of open 
reduction of a radius, if the nail will fit the medullary canal in the region of the 
middle of the radius, it will nearly always be small enough to travel distally 
and proximally without becoming stuck. 

The size of the medullary canal cannot be accurately measured roentgeno- 
graphically alone, for three reasons. First, in the true lateral projection, the 
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ulna overlies the radius and in most instances obscures the cortical outline of 
the medullary canal of the radius. Second, it is impossible to estimate the amount 
of distortion in the roentgenogram owing to different sizes of the forearm and 
the resultant variations in the distanee of the radius from the film. Third, as 
Ehman pointed out, the cortical outlines are not sharply outlined roentgeno- 
graphically *. For these reasons, a trial fitting during the operative procedure 
before driving the nail is mandatory. 

In an attempt to correlate some oi these measurements, the anteroposterior 
diameters were plotted against the medial-to-lateral diameters at the three 
points on the shaft where they were measured. In almost every instance, as the 
anteroposterior diameter increased, se did the medial-to-lateral diameter, the 
latter almost always being larger. 

There was no correlation between the smallest diameter at the mid-point of 
the radius and the over-all length of the bone, or between the degree of radial 
bowing and the over-all length, or between the degree of dorsal bowing and the 
over-all length, or between the width of the interosseous space and the over-all 
length. Neither was there any correlation between the anteroposterior diameter 
of the medullary canal at mid-point and the extent of cancellous bone in the 
distal end of the radius. This is probably due to the fact that only sixteen of 
the 100 specimens came from the age group below fifty; if a younger group had 
been measured there would probably be a correlation. 

There was a slight correlation between the over-all length of the bone and 
the angle of insertion. This is to be expected because the longer the bone, the 
wider the distal end. With a wide distal end the line of insertion, AC (Fig. 5), 
would make a slightly less acute angle with line BD 


DESIGN OF THE NAIL 


The reasons for choosing a nail triangular in cross section have been stated 
From the foregoing study of 100 radii, we found that the distal angle in the nail 
(the angle of insertion) should be 20 degrees and the middle angle, correspond 
ing to the radial bow, should be 170 degrees. From trial insertion and extrac- 
tion of the nail, the appropriate proximal angle was found to be about 175 
degrees. Since the point of insertion on the styloid lies about mid-way between 


the extreme anterior and posterior borders of the distal end of the radius, th« 


distal dorsal are of the radius could be disregarded. 

Che proximal end of the nail was rounded to form a skid, and the distal end 
was threaded for the attachment of the driving device. 

The metal selected by Rush for his three-point-fixation nail seemed to ful 
fill the three requirements of springiness, resilience, and rigidity needed for this 
device. Accordingly, the first nails were cut down to a triangular cross section 
from larger round Rush nails. In the cutting process, however, the temper was 
evidently changed, and, after some difficulty, triangular samples were obtained 
of A.I.S.I. 316 stainless steel, of a Rockwell hardness of thirty on the C seale 

At the outset of the study, sample nails were made and inserted so that 
clinical trials could coincide with laboratory investigations. Initially, nails of 
the contour of an equilateral triangle measuring three millimeters on each sid 
were used, but after the first two cases it was evident that this nail was not 
rigid enough, that it lost its radial bow during insertion, and that, although it 
immobilized the fracture, aiding union, it did not maintain anatomical reduction 
(Fig. 6). The size was the refore increased to four millimeters. 

For the preliminary clinical study, the nails had a 15-degree angle of inser- 
tion, a 170-degree middle angle, and a 175-degree proximal angle. The angle 
of insertion was made two inches (5.1 centimeters) from the distal end, the proxi- 
mal angle was one inch (2.5 centimeters) from the proximal end, and the mid- 
point of the longest curve in the nail was mid-way between the apexes of the 
other two. These angles turned out to be surprisingly close to the average angles 
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Fic. 7 
The driver-extractor, and a full complement of nails for the radius and 
the ulna 


obtained in the cadaver study and have remained unchanged 

\ straight four-millimeter triangular nail threaded on ch end, to facilitate 
retrograde insertion, was also devised for use in the ulna, the theory being that 
a nail of triangular contour would give better stability than a round nail (Fig. 


7). 
CLINICAL TRIAL 


By December 1, 1958, these nails had been used in more than sixty patients. 
As a preliminary report, an analysis follows of the first fifty patients in whom 
the nails were used in the radius alone or in the radius and the ulna in combina- 
tion 


Case Material 

In the fifty patients there were eighty-two fractures. Eighteen fractures in 
eighteen patients involved the radius alone, and sixty-four fractures in thirty- 
two patients involved both the radius and ulna. Prebent medullary nails were 
used to fix all the fractures of the radius. Straight medullary nails were used to 
fix the fractures of the ulna in twenty-nine patients. The remaining three wer 
treated as follows: in one, the distal ulna was excised primarily ; in the second 
a fracture in the distal third was maintained by cast immobilization alone; 
and in the third, a ecomminuted fracture of the olecranon was maintained by a 
Knowles pin ands heure-« ie lit Wire loop Thus, seventy nine naulings were per 
formed 

In Table IV the age distribution of the fitty patients 1s shown. ‘This is a se- 
ries of adults; no patient was under fifteen Vears of age The locations of the 
cighty-two fractures are shown in Table V. 

Of all the fractures in the radius, 70 per cent were either spiral, transverse, 
or oblique; the remaining 30 per cent were comminuted. In all fractures of the 
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TABLE I\ 


AGe DisrRiIBUTION OF Fiery PATIENTS 


Age No. of 


Yea Patients 


15 to 20 
21 to 40 
tl to 60 
Q)ver 60 


TABLE \ 


hicguty-Two FRAcTURES 


vation and No. of Fractures 
Middle Proximal 
Bone Fractured ‘h Third Third 


Radius alone 
Radius (both | 


both bones 


¢ 
a 


Fig. 8-A 
Union was secured by medullary fixation eleven mont} 
ocedures had failed. 


THE JOURNAL OF BONE AND 


is after injurv, 


JOINT 


SURGERY 





MEDULLARY FIXATION OF FRACTURES OF THE FOREARM 1501 


ulna, approximately half were spiral, transverse, or oblique; one-eighth were 
segmental; and three-eighths were comminuted. In all instances, fractures in- 
volving the distal or proximal fifth of the bone were not subjected Lo medullary 
fixation. As in a previous series of patients in whom medullary fixation of the 
forearm had been performed =", this series presented a rather formidable chal- 
lenge: one-fifth of the patients had fractures or dislocations in the same extrem- 
ity; one-fifth of the fractures were compound; one-eighth of the fractures had 
remained ununited for over six months prior to this procedure (Figs. 8-A and 
8-B); approximately one-fifth had been subjected to nailing after a delay, for 
various reasons, of from fifteen to ninety days after injury; and in 16 per cent 
of the patients there was neurovascular damage in the same extremity prior to 
nailing. These preoperative complicating factors should be taken into consid- 
eration in appraising the end results reported here. 

The postoperative follow-up of the patients in this series ranged from 
ninety days in two instances to well over three years In one instance; the ap- 
proximate average follow-up was ten months 


p> 
Procedure 


All the fractures of the radius were fixed with the prebe nt triangular medul- 
lary nail, and all the fractures of the ulna were fixed with the straight triangular 
medullary nall just deseribed, with the exception ol the three instances noted. 
Supplementary fixation of the radius with.a wire loop or screw was used in 


seven of the fifty patients, and supplementary fixation with a wire loop was used 


in four of the ulnar fractures. This makes a rate of supplementary fixation of 


14 per cent in both the radius and the ulna. 








_ 
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lic. 9 
\ solitary fracture of the radius in which no external immobilization was used. The fracture 
s now solid and the nail has been removed 


An Oplon as to the degree ol stability afforded by the fixation at the tin 
of operation was recorded by the surgeon in all cases. In fraetures involving 
the radius alone, stability was described as good or excellent in 94.5 per cent 
and as fair in 5.5 per cent (a single ease). In fractures of both bones, the stability 
of the radius was termed either good or excellent in 91 per cent and fair in 9 per 
cent; the stability of the ulna was essentially the same 

Che apposition of the major fragments ot these fractures was graded on the 
basis of the opinions recorded by the operating surgeons at the time of surgery 
No attempt was mi de to establish quantitative criteria. According to the sur- 
geons’ opinion apposition was excellent or vood in all solitary Iractures of the 
radius and good in both the radius and ulna in approximately 83 per cent o1 
fractures of both bones. In the remaining cases it was fair, except for one frac- 
ture of the ulna where it was poor 

External fixation by a long arm cast was used in all cases, with the one ex- 
ception of a solitary fracture of the radius (Fig. 9), for which no external sup- 
port was used. Cast immobilization was maintained for six weeks or less in 16 
per cent but it was continued in the remainder until roentgenographie evidenc: 
of solid union was seen. Nine per cent of the patients were immobilized for over 
six months. The mean period of east immobilization for the entire series was 
twelve weeks. 

Internal fixation was maintained until firm periosteal new bone was pres- 
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TABLE VI 


Data ON UNION IN K1Gury-Two FRACTURES 


Union Delayed Total 
for More than No. of 
tones Fractured Union Six Months Non-union lractures 


No. of No. of No. of 
Fractures Fractures Fractures 
tudius alone 16 (88.8, 5.6%) 1 (5.06%) 
Radius both hones 28 (87.5%; 20%) (6,255, ) 


) 
Ulna (both bones 2 90.05, 3%) 2 (6.7' 


( 
Totals 72 (88.9% 9 
*In Tables VI, VIL, and VIIL is excluded one ulnar fracture treated by primary excision of 
the distal fragmen 


ent. It was noted early in the series that although periosteal callus uppeared 
fairly early, there was a definite delay in complete obliteration of the fracture 
line (Figs. 9 and 10). Even though the fracture was united by mature, bridging, 
periosteal new bone, it was often not until after the nail had been extracted 
that interstitial bone formed and completely obliterated the fracture. This coin- 
cides with the experimental findings of Trueta and Cavadias. 

Gratts ot ehips ol autogenous iliac bone were used to stimulate osteogenesis 
in one-sixth of the fractures involving the radius alone, and in one-third of the 
fractures of the radius and one-third of the fractures of the ulna where both 
bones had been fractured. These grafts were usually used in fractures for which 
nailing had been delayed because of various preoperative complications or for 
which nailing was performed in the treatment of a pre-existing non-union. These 
grafts were not used in fresh fractures treated primarily by intramedullary fixa- 
t1Ol 


Results 


Union of the fracture is of paramount importance, and the results in this 
1" card were gratilying (Table VI). In each of the three non-unions of the radius, 


the nailing had been complicated by penetration of the nail through the cortex 


of the proximal fragment (Figs. 11 and 12). The nail had not been extracted, but 
had been allowed to remain in this undesirable position. If it had been extracted 


and reinserted, we feel that there would have been a better chance for union 

In one of the patients In Whom non-union ol the ulna occurred, there had 
been pre-existing non-union for over one year; in the other, a large fragment of 
bone In a severe ly mangled elbow had been knocked loose and lost, so that ade- 
quate apposition Was not obtained at operation 

Poit-tissue healing was not a problem in this group oO! patients Two mild 
infections occurred—both in the radius—which responded readily to a few days 
of antibiotic therapy. In a third patient, who had a large open draining wound 
of the knee at the time of operation on the forearm, a delayed infection occurred 
approximately six weeks after medullary nailing (Fig. 13). It subsided after 
simple incision and drainage and the use of appropriate antibioties; the nails were 
left an situ. Union occurred in approximately five months, and the nails were re- 
moved twelve months after insertion 

Although bridging callus formed readily in the radius and ulna (Table VII), 
there was a considerable delay in consolidation of the formed callus while the 
medullary nails remained in situ (Table VIII). 

In appraising the range of motion obtained by the patients in this series, it 
should be kept in mind that there were a large number of complicating factors 
present before operation which would be expected to impair the functional result 
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In addition, there were eleven patients who could not be evaluated in this re- 
rd. Of these, non-union resulted in five patients (three non-unions of the radius 
the ulna) and each patient underwent a second operation to obtain 

apparent and before the arm had time to 


union as soon as the non-union became 
be as fully mobilized as possible. The other six patients failed to return for follow- 


ip examination soon after the removal of the casts 
The eriteria used to evaluate the range of motion were as follows: 


lL. Slight limitation Klbow motion lacking less than 10 degrees of flexion 


and extension; pronation and supination each lacking less than 45 degrees; finger 


nd wrist motion normal 


2. Moderate | a : elbow motion lacking 10 to 20 degrees of flexion 
ul extension; pronation and supination cach laeking 45 to 90 degrees: finger and 
motion normal: or (b) elbow Wrist, and finger motions normal: pronation 


| supination absent, but forearm in funetional position 
In. 
radius alone, no limitation 
ind moderate limitation occurred in 31.2 per cent. In forearms in whieh both 
bones had been broken, no limitation, or only slight limitation, was noted in 


yense Was severe limitation noted. In eases involving Iractures Ol thi 


or only slight limitation, occurred in 68.8 per cent, 


69.6 per cent; 1 iwoderate limitation was noted in 30.4 per cent 
In three the fractures of the radius in which both bones had been broken 
there was slight loss of position (Fig. 14). This oceurred in fractures of the distal 


third, and in fractures with comminution of the lateral cortex. It resulted in a 
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sight narrowing of interosseous spaee, and corresponding restriction of pronatio! 
ind supination. In two patients with solitary fractures of the radius, shortening 
occurred and resulted in derangement of the distal radioulnar joint (Fig. 15) 
Phis complication occurred in fractures in the distal third or at the junction of 
the middle and distal thirds. In other patients, the nail was too long, and pene- 
trated the wrist joint or earpal bones with resulting limitation of motion until 
the nail was extracted. After extraction, no significant limitation of wrist mo 
tion persisted in these cases. Minimum angulation occurred in one radius, with 
resulting loss of some interosscous space and limitation of motion. In three pa 
tients In whom the nail protruded through the cortex, non-union resulted (Figs 


1] and 12) 


f ompl cation 


During the early clinical trial of the nail, several complications were en- 
countered, Something was gained in knowledge as a result of each one, and a 
iriation in technique was Introduced to avoid re peating it. The most persistent 
difficulty was that encountered in driving the nail up a tight medullary eanal. In 
four early cases, the all protruded through the cortex, and In one Case it split 


the distal shaft of the radius. The point of insertion was then moved from the 
! 


radial styvlow to the radial side of Lister's tuberel (] iv. 9) This point of inser 
hen used in thirty-two fractures Spontaneous rupture of the extensor 
pollicis longus tendon later occurred in three of these pat ie nts, despite the faet 
} | rot touch thre tendon its lf Two of these enses were explored 
n order to perform tendon grafting in one and tendon transfer in the other. In 
I nd that the end of the nail was approximate lv one-fourth of 
an ineh from route of traverse of the extensor pollicis longus tendon. It 
vas assumed that some tissue reaction had occurred in the tendon eaused by thi 
nail, wit ‘sulting gradual attrition and rupture of the tendon under minimum 
stress. The pont of insertion was then ech inged back to the radial styloid, and 
was used in eighteen eases 
In the last six months, at the suggestion of duToit and Vese lv, the radial 
null has been rounded in eross section for the proximal 3.8 centimeters (Fig 
16): this modifieation has made insertion easier Also, a reamer has been de- 
vised, the diameter of which is 0.78 millimeter less than the largest diameter of 
the nail. With this reamer both fragments may be reamed proximally and distally 
if the nail seems too tight. In two instances a bi tterfly fragment was knocked 
loose from the radius during nailing. We now take the precaution of examining 
the ends of all fragments ear fully If longitudinal cracks are seen, bone-holding 
clamps are placed in appropriate position on the ends of the bone during the 
process of reaming the canal and driving the nail 
Painful bursae occurred over the tip of the ulnar nail at the olecranon proc- 
ess In four instanees and over the tip of the radial nail at the radial stvloid in 
three instances. Svnosteosis oceurred between the radius and the ulna in one 
solitary fracture of the radius, and in one instance of fraeture of both bones 
During the proces if insertion of the radial nail, the nail rotated 90 degrees 
in three instanees (Fig. 17), and was allowed to remain in that pos tion. This 
resulted in slight loss of interosseous space, but in none of these instances was 
there any significant loss of supination or pronation 
Secondary to open reduetion of a fracture of the proximal third of the radius, 
one pati nt incurred partial damage to the radial nerve with loss of active thumb 
abduction. This, however, was a complication of the exposure; it Was not because 
of the nail itself 
Ten per cent of the nails in the radius were extracted less than six months 
after operation, and 32 per cent were extracted more than six months after op- 
eration. Fifty-eight per cent remained in situ at the time that this study was 
completed (January 1959). In the ulna, 20.7 per cent were extracted in less than 
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six months, 24.2 per cent in six months or more, and 55.1 per cent remained in situ. 

Infection, as already mentioned, was mild in one open fracture, mild in one 
closed fracture, and severe in one closed fracture (Fig. 13), but in the last ease 


in open draming wound was present in the knee, and the delayed infection in the 


“arn Was thought to be metastatic 
These complications are numerous, but with the knowledge they have provided 


they can now be circumvented for the most part, 


PECIINIQUE OF INSERTION AND EXTRACTION OF THE NAILS 


The technique of insertion is exacting. First and foremost, a full complement 
of radial and ulnar nails should be on hand, together with a combination driver 
and extractor (Fig. 7), a one -elghth of an ineh drill-point, a reamer just under the 


is now round in cross section. siding 


and a drill wit i Jacobs chuck. Gene ral anesthesia and an upper- 
pheuinatic tourniquet are preferred. Sterile preparation of the skin with 
appropriate draping of the arm from finger tips to tourniquet should be earried 
out, and the arm and hand cove red with sterile stockinet With the arm either on 
side table, or across the chest, the ulnar fraeture is exposed by the preterred 
incision, and the ends of the bone are exposed The straight ulnar nail is then 
tested for fit, and if the canal is too small, it is enlarged first with the one-eight] 
G6 an inch drill bit and then with the reamer. When the small diameter of the 
canal is passed, the drill will suddenly slip further in. When both fragments have 
been reamed, of if the bone does not need reaming, the fracture is redueed, and an 
ulnar nail of correct length is selected by measuring it alongside the arm. The 


lengths of the ulnar nals are graduated in one-inch increments from nine to 
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eleven inches. The driver is then threaded on the nail, the elbow flexed to 90 
degrees, and the nail driven retrograde up the proximal fragment of the ulna. As 
the cortex of the olecranon is approached, a change in the tone of the hammer 
blows Is heard: ut this point it is Wise to place a sterile folded towel or pillow CASC 
beneath the humeral condyles. A few more firm hammer blows will drive the nail 
out the posterior aspect ol the olecranon, and a one-centimeter incision is made 
through the skin over the nail. The nail is then driven further retrograde until 
its distal end is at the fracture site. At this point, the driver is moved from the 
distal to the proximal end of the nail. The fracture is reduced under direct vision, 
and the nail is then driven down the distal fragment until the driver is half an 
inch from the olecranon 


MER 


inserted wit! 
d, no limitat 


Next, the fracture of the radius is visualized by an appropriate incision, and 


the bone ends are exposed The size of the medullary canal is then checked for fit 


of the nail. If the eanal is too small, it is reamed proximally and distally in the 
sume Tashlon as deseribed for the ulna. The fraeture is redueed under direet vl- 
sion, and a nail is placed along the radial border of the arm to determine the 
correct length. The nail should extend from the radial stvloid to within half an 
inch of the radial head, or within one and one-half inches of the lateral epicondy le 
of the humerus. The lengths of the radial nails are graduated in half-ineh in- 
erements trom eight to eleven inches. The technique for driving the nail into 
the radius is similar to that deseribed by Lottes for the insertion of the Lottes 
nail into the tibia 48. The wrist is flexed and placed in ulnar deviation, which 
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pulls the tendons of the long abductor and short extensor of the thumb anterior 
to the radial styloid. A 2.5-centimeter longitudinal incision is next made extend- 
ing 0.5 centimeter distally from a point proximal to the tip of the styloid process 
ind O<.5 centimeter dorsal to its volar border. The incision is carried directly 
down to bone at its proximal level, but in its distal portion the ineision is mad 
to extend only through the skin. This serves to prevent the nail from. trauma 
tizing the skin in the process of driving. A small cruciate incision is next made 
through the dorsal carpal ligament, and the periosteum reflected from the radial 
styloid for a distance of 0.5 centimeter in all four directions. A drill hole one- 
eighth or three-sixteenths of an inch is then made through the exposed cortex on 
the radial styloid, with the handle of the drill first held perpendicular to the bone 
and then inclined distally as the drill point Is rotated until the drill point is aimed 
at the lateral epicondyle of the humerus. Once through the cortex the drill is 
advanced for a distance of two to two and one-half inches. This procedure pro- 
duces an oblong hole at the point of insertion and a channel of insertion which 
nearly parallels the distal part of the medullary canal. A nail of correct lengtl 
is then placed in the same plane as the radius, so that the long are of the nail paral- 
lels the long are of the radius. With the wrist in flexion and ulnar deviation, th« 
nail is inserted in a proximal direction by hand as far as possible. If it-cannot bi 
inserted two and one-half inches by hand, the angle of insertion is too acute; 
the nail should be withdrawn and the angle of insertion drilled more obliquely 
When the nail can be inserted two and one-half inches by hand, the driver is 
threaded on the nail, and while the left hand exerts pressure on the nail to ineline 
it toward the ulna, the right hand is used to drive in the nail. If marked resistances 
is met, the nail may be rotated back and forth a few degrees and then driven 
with moderately firm blows until it reaches the fracture site. The fracture is then 
reduced under direct vision again, and the nail driven into the proximal frag- 
ment until the distal end is within half an inch of the radial styloid. At this stag 
the wounds should be covered, and anteroposterior and lateral roentgenograms 
made (with sterile cassette covers). The full length of the radius and ulna should 
be included to make sure that the nails are not too close to the distal end of thi 


ulna or the proximal end of the radius. If the nails are of satisfactory length, 
they are then driven in the remaining half an inch. During the final seating of 


ie nails, each fracture site should be observed. If distraction occurs, the nails 
should be backed out until apposition is obtained. The tourniquet is then de- 


t 


flated, hemostasis secured, the wounds closed, and a long arm east applied. Im 
mobilization in the cast should be continued until roentgenograms show that union 
Is progressing satisfactorily 

The nails should remain in eitu until the bridging periosteal callus has con 
solidated; the general rule has been to remove them one year after their insertion 
If before the end of a year it appears that interstitia! callus is being delayed by 
the nail and that firm periosteal bone is bridging the fracture site, the nail should 
be removed. A general anesthetic is required, since the nails are firmly seated in 


the bone. Incisions are made over the threaded end of the nails at the olecranon 


and at the distal end of the radius, and the extractor is screwed onto the nails as 
lar as possible During extraction, the threads on the nails have occasionally been 
stripped; accordingly, the first blow on the extractor should be firm, to dislodge 
the nail from its original position. Lighter blows may then be used to complet 
the extraction. Vise-grip pliers should be available for use should stripping of the 


li i] occul 


The straight triangular ulnar nail may be used in any diaphy seal fracture of 
the ulna, if proper precautions as to the size of the canal are observed 

The prebent triangular nail for the radius is indicated in diaphyseal frac- 
tures, except those in the proximal and distal fourths, when the medullary canal 
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measures not less than three millimeters in diameter in its smallest wter at 
the mid-point of the shaft. If butterfly fragments are present, supplen itary fixa 

tion by wire loops may be needed. The nail should not be used in bone that require 

considerable reaming, thi nall must engage the cortex firmly ind, if the cortex 
is too thin, the nail Way split the shaft. When the canal of the bone is too large 
for firm fixation by the four-millimeter nail, the nail may still be used, but ex- 
ternal immobilization until solid union is shown by roentgenogram is mandatory 
Nails measuring five millimeters on each side have been made, but to date they 
have been used in only one radius; thes appear to be too stiff, and it is antici- 
pated that they will be mor likely to fragment the cortex. In fractures of the 
distal and proximal fourths of the diaphysis, the nail should not be used, for 
then 1t cannot engage the cortex of the short fragment sufficiently to give rigid 
fixation. Furthermore, in the distal quarter of the diaphysis, a small canal will re- 
quire reaming around both the dorsal and the radial curves. Since the reamer is 
not flexible, it will tend to plere the cortex and make a point of exit for the 
proximal end of the nali when it is driven in 


SUMMARY 


The history of medullary fixation, particularly of the forearm bones, is briefly 
reviewed 

Results are re ported of a detailed study of the size and contour of the medul- 

v canal of 100 radii from cadavera 

Medullary nails triangular in cross section have been devised for the fore- 
arm bones. The nail for the radius 1s pre bent in accordance with anatomical data, 
and is made of a metal te mip red to thi propel resilience and rigidity. 

Results are reported for the first fifty patients in whom these nails have 
been used. Despite some early clinical errors, and despite some serious preopera- 
tive complications, there were fewer instances of malunion in this series than we 

been able to obtain with closed methods, and fewer instances of non-union 

ve resulted from other methods of open reduction 

The technique of insertion and extraction of the nails is deseribed, and the 
indications given for their use in diaphyseal fractures. The technique is exacting, 


and if not prope rly pe rformed may produce complications 
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The Localization of Chloride in Epiphyseal-Disc 


Cartilage as Determined by Histochemical 


Techniques* 
FHOMAS D. BROWER, M.D., AND PATRICIA ORLIC, B.s., PITTSBURGH, PENNSYLVANIA 


of Pittshurgh, Pittsbu gh 


Ina previous papel ' the position ol chloride in articular cartilage obtained 
from pupples Was deseribed. A logical sequel to this investigation of Joint carti- 
lage is the application of the same methods and techniques to the hyaline cartilage 

thie epiphy seal disc i piphy seal cartilage was removed from anesthetized pup- 
pies, subjected to freezing-drying fixation, and then stained by the Gersh silver 
nitrate stain for chloride. The distribution of chloride in these scetions of epip! ys 
eal-dise cartilage is similar to the articular cartilage in that no chloride was 
seen within the chondrocytes There is, however, a marked difference in the dis- 
tribution of chloride within the matrix of these cartilages 


PROCEDURES 


Two puppies, three months of age and appearmg in normal health, were 
anesthetized with ether. Twelve specimens Ol the epiphyseal dise were taken by 
cutting through the epiphysis into the metaphysis with a sealpel. The specimens 
were obtained from the distal portion of the femora and proximal portion of the 
tibiae. The specimens Ol cartilage thus obtained were each approximately five 
millimeters long anc one millimeter square These specimens were placed at once 


In a freezing-drving apparatus, the same techniques being used as reported in 
This work was supported by United States Public Health Grant No. A 1443 (C-1) 
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the previous paper '. The dried specimens were then embedded in dehydrated 
paraffin (melting point, 58 degrees centigrade). Seetions were cut at six micra and 


were about one millimeter square in size. The paraffin was removed with petro- 
leum ether (boiling point, 60 degrees centigrade) which had been dried over metallic 
sodium. The mounted sections were stained with a 60 per cent silver nitrate 
solution and then exposed to an are light until the brown granules became visible 
Briefly, in the section, the silver ion of the solution unites with the chloride of the 


ee 





Section of proliferating zone of epiphzseal dise 
rix filled with granules representing chloride 


Fia. 3 
Section of hypertrophic zone of epiphyseal disc: A, chondrocyte; B, ma- 
trix filled with granules representing chlorid« 
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isional ication tte heavy staining of calcified area 
ind invasion f by small blood y ( A, chondroevte; B, he ivy stain- 
f leified cartilage ind C, chondrocyte invaded by 


, tris 
ng ma \ 


i} illary. 


tissue to form a silvel chloride pore CIpetat The are heht reduces the silve1 chlo- 


ride to silver oxide which is visible as brown eranules. 


RESULTS 


Sections of epiphyseal-dise cartilage stained for chloride revealed two basic 
characteristics. In none of the seetions were the granules seen within the chon- 
drocytes. The granules in the matrix were distributed rather evenly throughout 
This last observation differed markedly from articular cartilage in which the 
granules were clustered in the pericellular matrix 

A more detailed dé scription of the ehloride distribution can best be obtained 
by examining the areas into which epiphyseal-dise cartilage is usually arbitrar- 
ily divided. In the region of resting cells (Fig. 1) the chondrocytes are sparse 
and small. No granules were seen within the cells. The granules were thickly but 
evenly spread throughout the matrix. The zone of proliferating cells is morpho- 
logically characterized hy closely packed flattened cells. The granule pattern 
(Fig. 2) does not differ from the previous zone. As the end of the cellular column is 


approached the zone of hypertrophic cells is reached. Tlere the granules in the 


matrix seem to become thicker, and there is a slight concentration of granules in 
the pericellular area (Fig. 3). This is similar to the halo formation seen in articu- 
lar cartilage. The last area is the zone of provisional calcification (Fig. 4). As 
long as the lacunae remained intact no granules were seen within them. There is 
a marked Increase 1n at nsity of the cranule s in the matrix of this region. It cor- 
respol ded to the re@ion of ealeified cartilage seen in these sections when stained 


Vitl toluidine bolune 


DISCUSSION 


i piphyse al-dise cartilage appears to contain ‘hloride throughout the matrix 
in fairly even distribution. Although this method is not quantitative, these sec- 
tions of epiphyseal cartilage stained more readily than sections of articular car- 


tilage and the granules were seen throughout the matrix. The amount of extra- 
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cellular chloride reflects the amount of extracellular water. Young cells of manv 


tissues are known to be surrounded by matrix containing a large proportion of 
interstitial water. Yannet and Darrow, in 1938, showed that in the soft tissues, 
muscies, and liver the extracellular water decreased in volume as the animal in- 
creased in age. Histologically, the individual tissue fibers increased in size as they 
crowded out some of the interstitial fluid. In 1958, Eichelberger, Akeson, and 
Roma observed a difference in the total water content of articular cartilage re- 
moved from puppies of different ages. As the puppies increased in age from six 
weeks to twenty-five weeks there was a decrease in the ultrafiltrate water and a 
large inerease in the chondrocyte solids, indicating an increase in the number of 
chondro¢ Vtes. Since this tissue water Is always isotonic with body fluids under 
normal conditions one would expect to find histologically large amounts of chloride 
surrounding the young cells. The chloride-staining characteristies of epiphyseal- 
dise cartilage, therefore, suggest that the chondrocytes are young and must hav 
a very active metabolic rate—certainly more active than that of the chondrocytes 
of articular cartilage 

KMeg-Larsen estimated the life span of a chondrocyte in the epiphyseal dise 
of a rat to be thirty to forty-five hours. The difference in chloride-staining pat- 
terns in epiphyseal dise and articular cartilage may thus be explained by the 
obvious difference in function. Since epiphyseal-dise chondrocytes reproduce 
rapidly, they must have a higher metabolic rate and are short lived. Articular- 
cartilage chondroeytes are not reproducing at a rapid rate; they are existing at a 


comparatively lower metabole rate, and apparently have a longer life span 
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Bone-Marrow Eosinophilia with Solitary 


Eosinophilic Granuloma of Bone 
A Report or Two Cases 
BY RALPH C. MARCOVE, M.D., NEW YORK, N. Y. 
From the Department of Pathology, Hospital for Joint Diseases, New York 


This report deals with two cases of solitary eosinophilic granuloma. Atten- 
tion will also be directed to the possible diagnostic significance of the finding of 
an increase in the eosinophil count of the bone marrow (sternal or iliac) in pa- 
tients with this disorder. Green and Farber described the frequent lack of eosin- 
ophilia of the peripheral blood in this disease. It is of particular interest that in 
the patients presented here the eosinophil count of the peripheral blood was within 
normal limits, whereas the eosinophil count of the iliac-bone marrow was strik- 
ingly increased. 


was a bov, three and one-half vears of age, who first came to the 
ospital because of pain, of three weeks’ duration, in the right arm. The pain had developed 
ifter a fall, with resulting injury to the arm. A roentgenogram made the day after injury 
showed a fuzzy radiolucent lesion associated with some periosteal new-bone deposition in the 


} 


mid-portion of the shaft of the humerus (Fig. 1). The possibility, however, that the lesion 
might be an eosinoph le granuloma was not considered, and the arm was placed In a cast 
The pain persisted ind another roentgenogram made approximately three weeks later, re- 
ealed that the lesion had increased considerably in size (Fig. 2). It was now seen as a large 
focus of osteolysis which measured 5.5 centimeters in its long axis. There was also a -‘riking 
irallel-lavered onionskin-like periosteal new-bone formation. It was because of thi ing 
in the roentgenographic appearance of the lesion that the child was admitted to the Hosortal 
for Joint Diseases 

Questioning of the mother failed to reveal anything unusual in the child’s past history; 
there was neither past history nor family history of allergy. Physical examination o° ‘he 
hild vielded entirely negative findings, except for those relating to the right upper extre \ 
Palpation of the arm revealed tenderness and definite thickening of the humerus exten 
ilong about two or three inches of the waft. There was, however, no local heat or redness 

Since the child had been admitted ie hospital with the presumptive diagnosis of 
Ewing's sarcoma, roentgenograms of the skeleton, chest, and abdomen were obtained. All 

ese were within normal limits 

Various clinical laboratory studies were carried out before the surgical intervention. These 
revealed no significant deviations from the norma! findings for a subject of this age. Three 
stool examinations for ova and parasites were negative 

lopsv was performed on August 15, 1958. When the lesion was entered, a large cavity 
was encountered from which only small bits of tissue could be curetted. The diagnosis of 
eosinophilic granuloma was established by microscopic examination of the curettements 
lig. 3) 

Since I was aware of th t that in patients with eosinophilic granuloma the eosinophilic 
count of the bone marrow mav be elevated at sites remote from the gz inuloma i study of 
the thac-bone marrow was made 

The first bone-marrow aspiration was done three days after biopsy of the humerus. The 
iliae marrow at this time showed an eosinophil count of approximately 25 per cent (Fig. 4) 
i striking increase over the usual finding of from 1 to 2 per cent, with a normal range of 
from 0.5 to 3 per cent. Aside from the numerical increase in eosinophils, which is especially 
striking in the sections of marrow clot, morphological abnormalities and staining peculiarities 
were present in this cell series. There was remarkable variation in the size and number of 
cytoplasmic granules from cell to cell. Many eosinophilic myelocytes and metamyelocytes 
exhibited basophilic as well as eosinophilic granules. Some of these cells were unusually large 
hut others were small. Primitive reticulum cells, stem cells, and early granulocytic forms were 
relatively numerous. Histiocytes were increased. The pleomorphic quality described in con- 
nection with the eosinophils was also exhibited to some degree by cells of all series, Di 
Charles Emerson of Boston confirmed this description 
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The first method was to count clotted and fixed marrow sections. This was 
correlated with the second method which was worked out and used with the first 
patient (Case 1) one and one-half months after operation. 

In the second method the technique is similar to the Randolph method? of 
counting total circulating eosinophils per cubie millimeter in peripheral blood, 
using an aqueous solution of propylene glycol and phloxine. First, however, one 
volume of the heparinized marrow blood is mixed with an equal volume of the 
phloxine and propylene glycol solution in order to dissolve the droplets of marrow 
fat which would otherwise clog the diluting pipettes. Without the fat droplets 
present, the heparinized marrow blood can then be treated in the usual manner to 
obtain a total eosinophil count of the marrow. 

The same technique can be used to count the total white cells in the marrow 
per cubie millimeters by combining the marrow blood (which has had its fat drop- 
lets removed) with the usual white-cell diluent and counting the cells in the same 
fashion as for the peripheral blood 

This method was used on several controls with entirely normal findings 
When used on the first patient reported here one and one-half months after opera- 
tion, a total marrow cosinophil count of 5,800 ceils per cubie millimeter and a total 
maivow white-cell count of 38,300 per cubie millimeter were found, and an eosin- 
ophil count of 15.6 per cent. This checked well with the eosinophil count on the 
clotted and fixed sections, which was approximately 15 per cent 


DISCUSSION 


The main object in this presentation is to point up the fact that in cases of 
eosinophilic granuloma of bone, the bone marrow findings at a site remote from 
the bone lesion may yield a high eosinophil count. Farber, in 1941, mentioned that 
the stimulation of bone marrow was so marked in some instances that the diagno- 
sis Of myelocytic myeloma was excluded only with difficulty. 

There are, of course, unrelated diseases which may elevate the eosinophils 
of the bone marrow, such as allergies, parasites, and leukemia. These must be 
excluded in patients with eosinophilie granuloma 

In their original report on eosinophilic granuloma of bone, Liechtenstein and 
Jaffe mentioned the fact that in this condition the eosinophil count of the bone 
marrow may be increased in spite of a normal peripheral count 

My present interest in eosinophilia of the bone marrow in cases of eosino- 
philic granuloma was originally stimulated by Dr. Charles Emerson, of Boston, 
who brought a case to my attention in 1957. In that patient the eosinophilic gran- 
uloma Was in a rib, and the bone-marrow eosinophilia exceeded 10 per cent. Eosin- 
ophilia of the bone marrow in association with an eosinophilic granuloma of the 
lung was also noted by Livingston; in this patient the peripheral blood showed no 
elevation of the eosinophil count 

The possible connection between the decrease in the bone-marrow eosinophil- 
in and the ultimate prognosis of a patient with ecosinophihe granuloma seems 
worthy of further investigation 


SUMMARY 


An elevation of the eosinophils in the differential count of the bone marrow 
wus found in the two patients presented in this paper (and in the three others 
mentioned). This was in sharp contrast to the peripheral-blood studies which re- 


vealed no remarkable deviation from the normal counts expected 


Bone-marrow findings as deseribed in this paper may be helpful in leading 
one toward the diagnosis of eosinophilic granuloma. 

A new method of counting eosinophils in the bone marrow is described and 
ean be used to cheek counts done by smear or clotted and fixed marrow sections 


Nore: The writer wishes to acknowledge his appreciation to Dr. Henry Jaffe for his 
ielp in reviewing and in making suggestions concerning this pape 
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DISCUSSION 
Merpuntary Fixation oF FRACTURES OF THE FOREARM 


Continued from page 1516) 


The fixation should provide a degree ol stability which would render ext rnal fixation 
nne essary 

2. It would be of advantage to use a straight nail, not only for ease of imsertion, but 
because straight nails can be cut to proper length at the table, thus obviating the necessity for 
the full complement of sizes (six ulnar and fourteen radial nails) 

Dr. Sage stated that in a previous series a Rush type of nail, modified to triangular cross 
section, was used, but was found unsatisfactory. For the past four vears, however, such a nail 
has been used at Walter Reed Army Hospital, and found to be extremely satisfactory 

Inserting i nail through the radial stvloid requires a lot of curves—an S-curve at least 
The point at first must bend away from the opposite cortex to enter the medullary cavity and 
then bend toward it, to stav there. Di Sage states that in thirtv-two cases he inserted the nail 
through the dorsum of the radius, at a point at the radial side of Lister's tubercle 

At Walter Reed Hospital, roentgenograms were made of radu of 121 cadavera with a 
metal marker at Lister's tubercle. Straight lines drawn through this landmark into the proximal 
head indicated that the radial medullary curves in both planes were more apparent than 
real, and presented no more problem for a straight nail than does the minor curve of the 
femur 

Accordingly, nails were inserted at a point Just proximal to Lister’s tubercle. In this area 
there is a wide space between the extensor pollicis longus and the radial wrist extensors and 
enough soft tissue to cover the seated nail. A small transverse incision in the grain of the 
ion requires a longitudinal incision 
Dr. Sage discontinued his dorsal insertion because of three cases of spontaneous rupture 


skin is used; the stvloid inse 


ol the extenso pollicis tendon. This compli ition did not deve lop in the patients at Walter 
Reed Hospital, which would lead us to wonder whether this complication might have some 


other cause than the dorsal insertion pr ( 


Dr. SaGe (closing): Dr. Thompson doesn’t realize that when we were using the radial 
side of Lister’s tubercle we bent a fourth curve in that nail. We felt that if the nail was 
going to be inserted from the top of the bone it should have a dorsal curve in it, in ordei 
to prevent pushing down in the medullary canal 

We also backed up a littl proximally from Lister’s tubercle, about a quartel 
Dr. Thompson stated that he felt we would have to have six ulnar nails and fourteen radial 
nails as the full complement, but the nails may be used interchangeably for each arm—three 
for the ulna and seven for the radius; those for the radius are graduated in half-inch inere- 
ments, and those for the ulna are graduated in one-inch increments. 

I do not say that our nail, which I regret has my name on it, is the answer. I thought 

out with the anatomical study and I hope that, with publication, someone else will be 
ible to improve on our method of medullary fixation 
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Ancurysm of the Popliteal Artery Caused By 


Osteochondroma of the Femur * 


BY FRANK R. DENMAN, M.D., THOMAS O. SHINDLER, M.D., JAMES HAMPTON, M.D., AND 
LEROY HANSON, M.D., HOUSTON, TEXAS 


rom the Department of Surge and Orthopaedic Su nann Llospital and Shrine 


aery. Llerr 
Crippled Children’s Ho pital Houston 


\neurysms, pulsating hematomata, aud arteriovenous fistulae with aneurys- 
mal dilatation frequently result from penetrating wounds of the extremities. Poplit- 
eal aneurysms most commonly are due to arteriosclerosis. On the other hand, 
peripheral arterial aneurysms, due to trauma from adjacent osteochondromata 
are rare. A review of the literature revealed only three reported Cases 


> } } 
wen g 


Hudson reported the occurrence of a false aneurysm in a fourteen-year-old 
boy, after vigorous bicycling. The aneurysm was the result of penetration of the 
popliteal artery by one ot multiple exostoses. A single rent in the popliteal artery 
Was repaired, and a good re ult Was obtained Lesser and Creeley reported the OC- 
currence of an arteriovenous fistula and aneurysm of the lower segment of the 
femoral artery associated with an osteochondroma of the femur. At surgery, an 
osteochondroma was found to be penetrating the aneurysmal sac, which contained 
both arterial and venous communications. The defect in the femoral vein was 
closed with a portion of the aneurysmal-sae wall. The femoral artery was repaired 


* Supported In part by The Houston Heart Assoc lation 
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by end-to-end av tstomosis after proximal mobilization of the artery and flexion 
of the knee. A good functional result was obtained. Paul reported a case of a false 
aneurysm of the popliteal artery whi h resulted from penetration of that artery 
by one of multiple osteochondromata. The patient was a man, twenty-two years 
old, who gave a history of painful swelling of the knee of seventeen days’ duration 


In this case, the aneurysmal sae was removed, and the arterial injury was repaired 
by suturing the perforation. Postoperatively, the patient could walk without 
difficulty, although no pulses were palpable below the level of injury 


A nine-year-old white boy had been observed at the Shriners’ Crippled Children’s Hospital 
lor SIX years To! multi le congenital osteochondromata involving the ribs, clavicle, and long bones 
He had had no serious difficulty until three months prior to admission, at which time he complained 
ol pain in the right poplite il area. Immediately prior to the onset of pau he had participated in 
vigorous physical activity t local bo club. He continued to have intermittent pain, but was 
not seen by a phvsician for six vy ! initin! episode. At that time, a definite tumor was 
palpable in the right popliteal vhich was firm, fixed, and non-tender. No thrill or bruit could 


be detect vere good pulsations in both the dorsalis pedis and posterior tibial arteries, but 


) 


1 
t1G 


. ‘ ] } ey ‘ 
no pulsation of the m | wg Vv hie i ian if diameter, bhere was ho 


restriction of motion but s¢ tin was present on full flexion of the kn Roentgenograms showed 
i four-by-three-centimet« ochondroma on the posterior surtac f the distal ends of the femora 
just above the ddu tuberel The provision dinignoses wert L)evst of the kr oint capsule, 
2) a bursa ov ng the osteochondroma. and (3) a bursa connecting with the «.-erine bursa of 
the knee joint. The pati en the members of the orthopaedic staff, and it was agreed 
that the evst should xeised. Accordingly, on July 25, 1958, the patient was t iken to the operat- 
ing room. and an L-shaped incision was made, beginning on the lateral aspect of the thigh overlying 
the biceps femoris tendon and extending transversel ross the posterior surface of the popliteal 
The dissection was carried down to the deep fascia of the popliteal space which was incised 

Vas exposed to VIEW \ tourniquet had been ipplied in the isual fashion to the thigh 

sulsations were observed: however, in view of the dark discoloration of the mass, 

» was inserted into it and bright-red blood was obtained. The tourniquet was then released 

nnd vigorous pulsations of } i were observed. A diagnosis of popliteal ineurvsm was made, 
ind after consultation with a vascular surgeon, the incision was closed. A few days later, a femoral 
urteriogram was made, which showed filling of the superficial femoral artery above and below the 
ind a little of the opaque medium within the mass itself. The L-shaped lateral incision was 
illowed to heal, and approximately four weeks later, on August 22, 1958, the patient was returned 
to the operating room, where, without a tourniquet, a six-in h, S-shaped incision was made be 
ginning over the medial aspect of the lower right thigh and extending across the popliteal fossa. 
A saccular aneurysm of the popliteal artery was again disclosed and dissected free from the sur- 
rounding tissues, after t ipes had been : pplied to the femoral artery pl xximally and to the popliteal 


artery distally. The popliteal vein was not involved. The aneurysmal sac was opened and an organ- 
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ized hematoma was removed revealing tspine ol the oste whondroma to be projecting into the sac 
through its anterior wall. The s was dissected free and excised. The resulting two-centimeter de- 
fect im the poplite il arter Was! i 1 by end-to-end anastomosis by use of i terrupte 1 OOOOO 
irterial silk. The exostosis of i el r was then removed and the bone edges smoothed. Fat and 
fibrous tissue were sutured oy f vy bone surtace to further protect the artery. After wound 
losure, the knee was immobilized tn slight flexion. Good p ilses were present in the foot at the com- 
pletion of the operation. The knee was gradually brought out into full extension ina series of plaster 
casts over a period of two weeks postoperatively. Ambulation and full extension at this time resulted 
in no diminution of the » lal | volume. In spite ol delaving the second ope ration for four weeks, 
mall area of marginal of the skin flap occurred, but this soon healed 
In November 1058 eC] wl was readmitted to the hospital ind the osteochondroma of 
opposite distal femur n ed as a prophylactic measure. At this time, the circulation in 
rught foot was ex t seen in June 1959 pulses vere present and he had no 
' ints 


COMMENT 


Popliteal arterial injury, due to penetration of a distal femoral osteochon- 
droma, is rare. From comparison of the four known cases, it is noted that when 
such an injury occurs, a fase aneurysm or a pulsating hematoma, with an arterial 
communication, is most likely to be produced. The femoral popliteal arterial 
segment is the most common site of injury, and most of these injuries seem to fol- 
low some type of vigorous exercise. Aneurysms of the femoral popliteal arterial 
segment rarely constitute a hazard to the patient, because of rupture and hemor- 
rhage, but most frequently become filled with laminated thrombus and_ ulti- 
mately result in sudden acute arterial occlusion endangering the viability of the 
foot and leg. Frequently, before complete occlusion occurs, multiple peripheral 


emboli to the dista! portions ol the extremity occur as a result of dislodgment of 
small particles from the main mother thrombus within the aneurysmal sac 

Che differential diagnosis of a cystic mass in the popliteal space in patients 

vho have osteochondroma of the distal end of the femur should include the Possl- 

a femoropopliteal aneurysm. Surgical excision with restoration of arterial 

‘continuity should be accomplished vithout delay tn order to prevent the occur- 


re « of serious ischemia of the leg or foot 
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Report of the Visit of the 1959 North American 


Traveling Fellows to Great Britain 


Fellows} began on April 7, 1959, at the Columbia 
\ rk ty the ssembl of the five Fellows Dr. John P 
D.C ! imeron dmonton, Alberta, Canada; Dr. Sher- 

ndrew H. Crenshaw, Memphis, Tennessee ; 
lo. Dr. Edward M. Winant and Dr. Lee 
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April 14 

Our first official hospital visit was to the London Hospital. The morning began with 
our participation in the weekly staff conference. We saw many interesting problems which 
were discussed by Sir Reginald Watson-Jones, Mr. H. Osmond-Clarke, and Mr. W. Alexander 
Law. After a sumptuous luncheon, we attended the operating-room theatre to view an 
irthrodesis of the hip performed by Sir Reginald Watson-Jones, a Putti-Platt operation on 
he shoulder by Mr. Osmond-Clarke, and a cup arthroplasty of the hi 4 Smith- 
Petersen type by Mr. W. Alexander Law 


April 15 
We visited St. Bartholomew's Hospital, where the senior consultant emeritus, Mr. 8. L 
Higgs, told us of St. Bartholomew’s history. This is the oldest hospital in London and has 


the oldest established orthopaedic department. This was a day of excellent short essays presented 
by Mr. H. Jackson Burrows and his staff. Among the papers of unusual interest were those 
Dean Nash, of the Medical School, on the problems of spina bifida in children; of M1 
Coltart, or manipulat on of joints; and of Mr. G. W. Taylor of the “ze neral surgical st 
lymphedema. We visited the archives of the hospital ind after the clinical day we tour 
Tower of London and were shown the Crown Jewels by their keeper, General Sitwell 


evening we were entertained i , Prospe of Whitby 


April 1¢ 

Mr. T. T. Stamm and Mr. J. S ‘helor v hosts at the New Cross Hospital, 
the Orthopaedic Unit of Guy’s Hospital. The first ] _ the day was spent in an operating- 
room session. Mr. Batchelor performed a laminectomy for a herniated nucleus pulposus 
He utilized the side-lving position and emphasized the need for an ample exposure and 
complete laminectomy without interfering with t articular facets. Spine fusions are done 
rarely ind the patient is 0 ( o walk mn the \ ifter surgery. Another operative 
procedure of great rest ' mectomy performed by Mr. Stamm, in which he 
combined the Keller a cBride opera t n osteotomy of the base of the first 
metatarsal. Mr. Batchelor voret thi is of the first metacarpophalangeal joint in the 
treatment of bunions. The afternoon was speni in ward rounds and in clinical discussion 
In the evening we were entertained at a delightful dinner at The Cheshire Chees 


April 17 

Mr. Burrows, Dean of the Post-Graduate School, again was our host, in the absence 
of Mr. H. J. Seddon, at the Royal National Orthopaedic Hospital. The first discussion was 
on microradiography normal bones which was presented by Dr. Colin Woods and Dr. 
Jowsey. Mr. K. I issen discussed intertrochanteric mvelotomy and McMurray osteotomy 
for. primary osteo-artht the hip. This was our first opportunity to see a large number 
of patients treated by tl McMurray osteotomy for painful hips, and were greatly 
impressed by Mr. Nissen’s excellent results. It 1 is contention that interruption of the 
blood supply to the femoral head is probably the reason for the relief of pain and improve- 
ment in function 

In the afternoon we visited the count branc] Stanmore. Dr. John Seales discussed 
the corrosion of metal implants and told us that it is his conclusion that the least reactive 
metal today is Vitallium. Ward rounds were conducted by Mr. David Trevor, who informally 
discussed conge nital dislocatio fF the hij Later, we visited the rese irch labor itory. The 
evening was spent in tl ff Mr. and Mrs. P. H. Newman, where a delicious buffet 


linner was served 


April 18 and 19 

These were days of sight n Londo iperintendent Morley, of the River Police, 
onducted a tour of e Than ‘his trip hac een arranged by Mr. Charles Manning, 
of the Royal National tho dis t \fter lunch at the Cutty Sark Tavern, we 
visited the Royal Na ‘ollege at reenwich and were guided through by Captain St 
John Cronyn, who also had «¢ ted e tour of the previous group of Traveling Fellows. 
We toured the Cutty Sark Museum and went aboard that famous sailing ship. 

On Sunday we witnessed the C of the Guard at Buckingham Palace and later 


walked through the manv by tiful } irks of central London 


a) 
/ 


At St. George’s Hospital our hosts were Mr. G. C. Lloyd-Roberts and Mr. R. H. Young 
In the morning we attended an operating-room session and saw Mr. Young perform a 
laminectomy for a nucleus pulposus and Mr. Lloyd-Roberts perform an open reduction of 
i congenital dislocation of the hip. Mr. P. R. French, Senior Registrar, gave us an interesting 
presentation of the experience of the staff at St. George’s Hospital in the care of chronic 
knee problems in the older-age groups. He pointed out the frequency of the degenerative le- 
sions of the menisci in patients with chronic knee complaints who do not often exhibit 
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the classic signs of meniscal derangement. In the afternoon we visited the Hospital for 
Sick Children, in Great Ormond Street, where clinical papers were presented by the consultant 
staff and registrars. Mr. Lloyd-Roberts discussed the behavior of the epiphyses in oste- 
omyelitis of the newborn infant. He felt that despite roentgenographic appearance of com- 
plete destruction of the epiphyses of the knee and hip, many of these epiphyses will re-form. 
He also pointed out that in cases of pyarthrosis of the hip in which the epiphysis appears 
o be destroyed and the hip dislocated, many hips can be saved by open reduction and 
gentle handling, not unlike that in congenital dislocation of the hip. Mr. Lloyd-Roberts 
escorted us to the train in the afternoon, and at Faversham we were met by Mr. St. Clair 
Strange. 
April 21 ar 

Our stay in Canterbury was divided into visits to the Roval Se a-Bathing Hospital, 
n Margate ind the Kent and Canterbury Hospital, as well as to the beautiful Kent 
ountryside nearby. The scientific portion of our program consisted of excellent short. clinical 
papers and ward rounds by Mr. St. Clair Strange, Mr. P. R. Wright, and Mr. R. C. Baird, 
who were ably assisted by their registrars. We also had the privilege of visiting Canterbury 
Cathedral, Dover Castle, and Dover. In the evening we dined at the Falstaff Inn 

Our next stop was at Oxford, where we were housed in Senior Fellow Rooms at Worcester 
College and Oriel College 
April 23, 24, 25 

At Oxford we were the guests of Professor J. Trueta and staff of the Nuffield Orthopaedic 
Centre and attended the regular weekly staff conference, in which we participated. Professor 
Trueta gave us a history of the Centre and told us of their work in the current field of inves- 
tigation. The studies they are now conducting are on (1) the blood supply of the femoral 
head in different age groups; (2) the mechanism of bone formation by the use of the 
electron microscope 3) arthritis; and (4) problems of growth. In addition, there were 
several excellent discussions by members of the consultant staff. Of particular interest were 
Mr. E. W. Somerville’s presentation on congenital dislocation of the hip and Mr. J. C 
Scott’s, on scoliosis. Mr. Somerville emphasized his belief that dislocation of the hip at birth 
is a rare phenomenon and only associated with certain teratological diseases. He also dis- 
cussed the mechanisms by which the hip is dislocated in infaney. An interesting side trip 
while in Oxford was our visit to Blenheim Palace and Gardens at Woodstock, where we were 
the guests of the Duke and Duchess of Marlborough 

On Saturday we visited the Stoke Mandeville Spinal Injuries Centre, where Dr. L 
Guttmann gave an impressive presentation on the results in the treatment of spinal-cord 
injuries. The excellence of their program is reflected in the high percentage of patients 
who are rehabilitated to gainful occupations. Dr. Guttmann is extremely conservative in 
his approach to the management of spinal injuries and has developed a meticulous tech- 
nique for the handling of these patients. He also has gained world-wide recognition for the 
initiation of the Olympic Games for paraplegic patients. In the afternoon we visited the 
Roval Buckinghamshire Hospital at Avlesbury, where Mr. G. Platt discussed the common 
orthopaedic problems seen in this provincial orthopaedic centre 

On Sunday j i. tour of Oxford University, we drove to Stratford-on-Avon. Here 

spent two l itfi davs ind had rooms it the Shakespeare Hotel. 


ww oa performance /] magnificent Shakespeare Me- 


Vay 1. 2. and 3 

On April 28 we traveled by train to Torquay for the Spring Meeting of The British 
Orthopaedic Association held with the French and Belgian Orthopaedic Societies. The meet- 
ing lasted five days, from April 29 through May 3 

The papers presented at the Orthopaedic Meeting will be reported in The Journal of 
Bone and Joint Surgery, British Volume. Of particular imterest to us were symposia on 
slipped upper-femoral epiphvses and on cerebral palsy. Our group was represented at this 
meeting by Dr. James S. Miles, of Denver, who gave a preliminary report on his work in 
measuring the intramedullary pressure of bones particularly that of the femoral head 

After the meeting we traveled by train to Bristol. We were met by Mr. K. H. Pridie 
and Mr. A. L. Eyre-Brook and were guests in the homes of the members of the consultant 
staff. 


Vay & and 


We first visited the Winford Orthopaedic Hospital, where informal ward rounds and 
discussions were held. Later, we were shown the museum of Mr. E. W. Hey Groves, and M: 
Pridie exhibited to us many of Mr. Hey Groves’ instruments. Of special interest among this 
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group of memorabilia was an ivory intramedullary femoral prosthesis which had been success 
fully utilized by Mr. Hey Groves. This resembled in detail many of those 
On Tuesday we \ ited the Bath and W essex Orthopaedic Hospital 
enter, where Mr. James Bastow and the staff presented an impressive variety of cases 
nphasizing, in particular, the indications and values of 
eumatoid oints. Dr. Gibson also 


in use today 


i rheum itolog, 


ithroplasty and synovectomy in 
gave a well illustrated lecture on the pathology of 
bith les ns 


rpool we visite e historic Liverpool Medical Institute which houses the Hugh 

nas and Robert Jones Library. Professor B. L. McFarland w 

where many interesting and instructive clinical papers were 

was spent in a clinical session at the Roval Southern Hospital, where 
shown and their lesions and treatment discussed 


is oul modet tor at the 
presented. The afternoon 


many Oout-patients were 


r visit w interrupted by a visit to the Rolls-Royce Works 
ranged Mr. Robert Roaf, Mr. Llovd Griffiths, and M1 
was sp il we ttended clinical conferene it the Robert 
edi 

onsultants in their home the fol- 


held on t 


Manchester on Sunday ti ligt vwnutiful North Wales 


e stopped for lunch tn historic Chester 
m Monday it the Manchester Roval Infirmary 


medicine, rheumatology, orthopaedic surgery, and 


dw 
( member { teaching departments 


resented papers 


orthopaedic interest. Notable among the many 
Dr. J Sharp ind Dr. J gall on rheumatoid arthriti ( ( I 
Mr. Llovd Griffiths reviewed the functioning 4 ‘ Vi ) } Mancheste 
He said that 60 per cent of the ee} 
{that approximately 350 Colles’ fract ire treate 
I in Davvhulme Mi John ¢ 


presentations is a dissert 


homes and on 


elit 


ugh the beautiful lake district 


ng thi 

of Mr. Alexander Miller at Philipshill Hospital. This center 

unit sponsored by the miners’ union 
Patricl ind stat 


) 


Infirmary 
evoted t he afternoor \ ni papers wel 
ted bw f ff e opal inusu scope dealt with the ft forty-thre 


osus in adolescents 


ormning 


roved ises of herniati 


Mr. A. MeDougall 


1e pape 
il symptoms and the absence of neurological 
in adolescents are a stiff back and hamstring 
dis nd complete blockage 
the guests of Mr. Noel Blockeyv. Several 
presented for discussion. One problem 

n particula femur, especially the means by which 
this could be detect rly t] some f treatment could be instituted. At the con- 
lusion of this discussion, we convine ' 


Wiis 


difference of opinion flourishes in Great 
well as in the l 
ifternoon found us on the banks ¢ och Lomond, where we 
t the beautiful Lomond Castle 
Monday we returne 


spent a refreshing 
! 


1 to the profession wthopaedies at Killearn Hospital, Glas- 
is guests of Professor R. Barnes. After a series of provocative papers—including such 
is fractures of the femoral neck, perilunar dislocations of the wrist, and the 
ent of compression injuries of the forearm—Professor Barnes concluded with his 
of the management ol tuberculosi of the major omts In the afternoon we drove to Edin- 
burgh. where we were met by Professor J. I. P. James and Mr. George Mitchell 


manage- 


concept 


che 
Vay 19, 20, and 21 

We attended a clinical meeting at the Edinburgh Royal Infirmary. The morning program 
included papers on the immune response of bone autografts and homografts by Mr. Chalmers 
Dupuytren’s contracture by Professor James, leg-lengthening procedures by Mr. W. V. Ander- 


nd arthroplastv of the elbow in rheumatoid arthritis by Mr. D. LL. Savill. The pre 
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entations evoked a great deal of discussion. We were honored with a luncheon in the Senate 
Room through the courtesy of the Principal of the University of Edinburgh and during the 
ifternoon we were taken on a tour of the borde r country bv the consultant staff. In luded 
in the tour was a visit to Sir Walter Scott's home, where we were shown through his hous« 
his granddaughter (five generations removed), Miss Jean Maxwell Scott 
At the Princess Margaret Rose Hospital an operative program was prepared for us. Pro- 
fessor James performed a flexor-tendon graft. Mr. W. V. Anderson did a leg-lengthening pro- 
cedure which is extensively used at this hospital, and he emphasized its indication for para- 
lvzed extremities. He stated that it is never indicated on an extremity that is shortened for 
other reasons, with the exce ptions of congenit il absence of the fibula and of one which has a 
normal musculature. The lengthening is now performed by means of a transverse osteoclasis 
drilling a few holes in the bone through a stab wound. The bone is gradually elongated in 
i} manner. At the clinical session in the afternoon several interesting papers were 
discussion was by Mr. Ian Paterson on the open reduction and 
head of the radius 
ening we the guests of the Edinburgh Orthopaedie Club group at the Royal 
lege of Surgeons dinburgh. We were honored by the presence of Sir Walter Mercer 
this dinner 
No forn program Was ar inged for Thursday ind some Fellows chose to stay in Edin- 
igh to t ag the Princess Margaret Rose Hospital; others seized the opportunity for 
he Roval and Ancient Golf Club at St. Andrews. In the evening we trav- 
eled by train to Dundee. where we were met by Mr. I. 8S. Smillie, Mr. J. Hutchison, and M1 
I. D. Sutherland 


oval Infirmary and had the opportunity to see Mr. Smillie 
rations ie knee, including two for osteochondritis dissecans, illustrating 
ittuching the loose bone and cartilage fragments with stainless-steel nails 
rounds were held ind in the late ifternoon we made a quick visit to St 
sitv. In the evening \ re dinner guests of Mr. and Mrs. Smillie 
gan, a hetheld y vere met by Mr. F. W. Holdsworth, Mr. E 
J. W | 


th, bye 


me visited the Lodge Moor Spinal Injury Centre and were much impressed 
ofessional program under the direction of Dr. Alan Hardy, Mr. Holdsworth, Mr. 
Sharrard. Dr. Hardy and Mr. Holdsworth discussed their concept of the 
of injuries and the management of the various types of fracture of the spine 
© plating procedure in the thoracic and lumbar spines only on rotary, unstable 
which present such a problem in nursing after-care. The internal fixation serves as a 
ins of stabilization during the early period until interbody fusion spontaneously occurs 
the Sheffield Roval Infirmary clinical rounds were conducted by Mr. Holdsworth, 
rd, and Mr. Nicoll. In the afternoon we visited the Children’s Hospital, where Mi 

cussed some patients of his who had myelodysplasi 
eft Shefhield we drove to Chesterfield, where we vis the Chesterfield Royal 
A. Nicoll ul t, discussed his coneept of th treatment of intracapsula 
il neck ifting in non-union of long bones. He made a statement 
iving that in his estimation an operation to be really 


ried l HN in verage surgeon ind should not he i 


echni jue Which Was goor l 1 hands of the most skilled surgeon We were guests ol 
Mr. and Mrs. Nicoll in their home the evening was spent in a song fest in which Mr. Guy 
Pulvertaft, Mr. Holdswort! vl Sharrard jo 


Vay 

() t to the Harlow Wood Orthopaed Hospital was through famous Sherwood For- 
est. At the hospital several excellent clinical presentations were made, with Mr. J. P. Camp- 
bell serving as moderator. Of particular interest was Mr. H. R. Lunt’s paper on bone and 
joint tuberculosis In tl iternoon rious member the staff also presented some inter- 
esting clinical problems. That evening we were dr Kettering, where we were met by 
Mr. R. W. Butler and Mr. T. J. Fairbank, who the to Cambridge. In Cambridge 
of Mi 1 ind Mr. 1 


we staved in the homes 


Vay 

Our last s duled professional visit was at Addenbrooke's Hospit i] in Cambridge Mi 
Butler discussed vertebral osteochondritis, and Mr. Fairbank discussed epiphyseolysis of the 
( ipital femoral epiphysis ind its effect on the shape of th femoral head Effects of acceler- 
ited growth « he animal on bone maturation were the topics presented by Dr. Widdowson 
und Dr. Dickerson, of the Department of Experimental Medicine. In addition, Colonel 
J. A. Hickman the School of Veterinary Medicine, presented a talk on some lesions of the 
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knee and the hip in the dog which 


ire similar to those see 
we had dinner in the Senior 


n human beings. In the evening, 
Common {00m if Trinity Colle re with membe Ss of the Are i 


thy 


ypaedic Consultants. 
We returned to Londen and to the excellent 


ccommodations in the Nuffield Surgic 
Institute at the Roval College of 


surgeons 


Vay ) 31. and June 1. ?. and 


We attended the A.B.C. Club Dinne1 on Saturday 

itly honored by the large attendance of former Traveling Fellows, manv of 
distances. Mr. Osmond-Clarke, President of the A.B-C. Club, was our t 

Che following day we visited Hindhead, the 
i delightful luncheon, the 


evening at the R.A.F. Club. We wer 


whom came 
oastmastet 
country home of Sir Reginald Watson-Jones 
ifternoon was spent felling trees, fishing 
The maak the lavs enabled us to 

of London, and othe 


ind relaxing 
choose our own diversion : 
s preferred the Champs Elvysées 

boarded the train for Sout} 


some of us explored the 


ampton and embarkation. Mr. Ellis, Dr. How- 
igain expedited our trip through Customs, and we boarded 
eward vovage. The trip was enjovable although weather was 
t ! lant luring sé We dock ew York on Monday 
ffi eluding ou 59 Traveling Fellowshi; 


the Queen 


CONCLUSION 


Britain certainly ire) simular seen 


‘ ortho} ied 
ers, Which are largely de minated 


feelings of the titution on the management otf s 


ountry, althougl indling ) s more uniform because of tl 
zation. The organizat mal orthopaedic cer 
nstitution, naturally 


Phrougho tain we found that arthrodeses are much more commonly 
in they this country Another contrast was the 
vidual exper es whi nv orthoy have had in treating particular 
This is because of th eentration 


of a small number f eonsultants 
individual consultant 


i where they are unde 
| seen and handled by an 
h cared for in orthopaedic 
1 a comparable posit i [ nited States and Canada 
Tuberculosis is more common in Great Britain tl 
is falling rapidly. The anterolater 


‘he number 


times larger than that 


surgeon 
in in this country although its incidence 
ibscesses is frequently utilized 


ment of tubereul of tl pine. The chemotherapeutical t 
one and jomt tuberculosis 1 


the drainage of 
the surgi reatment in 
I hroughout the 
\ \ tl | t t irly mil 
us t the end results were similar. In 
injury centers 


ireas \V 
[Two radi v different 


igement of spinal cord injuries were pre- 
sented to i Britain the 

in integral unit within a general dical 
of children’s orthopaedies there still 

f the hy \ is seen much more 


t emphasis is on a spinal 
ind surgical hospital. In the field 
is great emph treatment of congenital dislocation 
frequently in Great Britain than in the United 
t ind ff at Robert Jones and Agnes Hunt Orthopaedic Hospital 
! I t he management oliosis particularly of the in- 
piphyseal arrests of the 
The end results, however 


done a large numbe convex 


cent duration for 
Fellows wish to ex; 
i Canadian Ort red 


Associat 


friendships which we will cherish for the 


MINIS t ' " of this ter 


uN to us will grow 

issimiilate iaterial presented to us in this 
change fellowships are tremendously important it 
iopaedic Association and all of its members were 
\ possible courtesy and kindness. We wish 
Capener and Mr. John Crawford Adams 


in outstanding 


to extend 
lor ill of thei 
Those ' rivileged ticipate int ur t ir Si hope tl 
the Traveling f ) 


: v ( u ! America 
ind Gres 


P Adams M D 
(iordon W. Cameron, M.D 
Sherman S. Coleman, M.D 
Andrew H. Crenshaw, M.D 


James S. Miles, M.D 
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Proceedings 


THE AMERICAN ORTHOPAEDIC ASSOCIATION 


AnNuaAL Meeting: LAKe Piacip Cius, LAKE PLacip, New York 
JUNE 15 THROUGH JUNE 18, 1959 


Interscapular Fascial Transplants. An End-Result Study of 32 Cases. Dr. J. Vernon Luck' 
ind Dr. C. L. Lowman ® discussed the technique devised by Lowman in 1928 of transplanting 
t fascia lata graft between the scapulae for scapular and upper-extremity paralysis. The 
majority of the forty-seven operative procedures of the series were carried out by Lowman 
Thirty-two patients—nineteen male and thirteen female—were available for follow-up exam- 
nation and evaluation. At the time of operation the oldest patient was thirty-four ind the 
voungest three; the average age was 126 vears. The length of follow-up varied from two 
vears to twenty-nine vears, with an average of 93 vears. Poliomvelitis caused paralysis of 
scapular muscles in nineteen patients, brachial birth palsy in two, and progressive muscular 
dystrophy in one 

The clinical results were classified as good, fair, or poor. Of the thirty-two patients, twenty- 
three (71.9 per cent) had good results, five (15.6 per cent) had fair results, and four (12.5 per 
cent) had poor re sults 

In conclusion, the authors read that: 

1. In properly selected cases, interscapular fascial transplants can result in one or more of 
the fellowing benefits: increased shoulder and upper-extremity function, increased endurance 
increased vital capacity, improved stability and endurance in sitting, and improved posture 

2 Properly gI iduated intermittent tension stresses crente hypert ophyv of the fascial grait 

3. Interseapular fascial grafts employed in childhood will grow parallel with the growth 
of the child 

4. Scapular stability is essential to proper function of the shoulders. This stability must 
come either from proper strength and coordination of the scapular muscles or from techniques 
such as interscapular fascial transplants 

5. Inters« ipular fascial transplants deserve wider veceptance than they 
the past. 

The paper was discussed by Dr. Georce Eaton * and Dr. RicHarp Kiene*, both of whom 
were in essential agreement with the authors’ conclusions. Dr. Kiene stressed the value of 
ittaching the transplant to a functioning muscle when possible. In closing, Dr. Lowman elab- 
orated on several technical details of the operation 


An Estimate of Prognosis in Cerebral Palsy. Dr. W1tiu1am Coorer® stressed the importance 
of prognosis in determining the goals of therapy and the type of treatment indicated in cerebral 
palsy. After pointing out that medical literature has little to offer in this connection, the 
iuthor presented his method for the estimation of a patient’s outlook with respect to physical 
independence social idjustment employ ibility ind need for domiciliary. care The method 
involves t thulation of clinical data acce ding to established standards. Pertinent information 
is coded on sorting cards to analyze data from a large group of patients. The results of a study 
of 500 consecutive cases were reported; these represent the preliminary findings in 
survey of approximately 3,000 patients 

In the discussion, Dr. WintHror M. PHeE ps *, too, stressed the need for determining the 
rognosis accurately. He pointed out that mild forms of cerebral palsy are frequently un- 
recognized and that Dr. Cooper’s statement about the need for domiciliary care was based 
only on patients who have sought medical care. Dr. H. Revrtron McCarroii’® admitted thi 
importance of being able to make an accurate prognosis but stressed that am accurate prog- 
nosis was of little value unless (1) it was accepted by the parents, and (2) the physician in 
charge was willing to persist with elaborate therapy in the face of a hopeless prognosis 

Effects of Rotary and Valgus Malpositions on the Blood Supply to the Femoral Head. Dr 
Frank B. SmirH*® (J. Bone and Joint Surg., 41:A: 800-815, July 1959) 


1930 Wilshire Boulevard, Los Angeles 57, California 

2417 South Hope Street, Los Angeles 7, California 

4 East Madison Street, Baltimore 2, Maryland 

4312 Nichols Parkway, Kansas City 11, Missouri 

535 East 70th Street, New York 21, N. Y 

3038 St. Paul Street, Baltimore 18, Maryland 

3720 Washington Boulevard, St. Louis 8, Missouri 
8. 1216 S.W. Yamhill Street, Portland 5, Oregon 
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Surgical Treatment of Brachial Plexus Injuries. Dr. James E. Bateman 


The Engineering Structure of the Epiphyseal Line. Dr. CHartes O. Becuror ind Dr 
LEONARD MARMoR summarized the comparative anatomy of epiphyseal cartilage in mammals 
is follows. Three kinds of epiphyseal cartilage are found when classification according to 
shape is attempted. The first is a transverse plate, the second is a plate convex toward the joint 
with a cone-shaped projection near the center projecting either way, and the third, a com- 
plicated structure with four indentations into which four projections trom the metaphysis in- 
erlock. Because of compressional force the last-mentioned arranget is extremely stable 
Preliminary experiments on the breaking strength of segments of epi cartilage cut 
longitudinally showed that the weakest area was the cartilage and th } sa marked 


iiation in stre ngth in the met hvseal bone 


Effects Produced on the Cartilaginous Epiphyseal Plate of Immature Dogs by Experimental 
lraumata. Dr. Crawrorp J. CAMPBELI Dr. ANDRES GRISOLIA ind Dr. Grorce Z\Nconato 
J. Bone and Joint Surg., 41-A: 1221-1242, Oct. 1959) 


An Evaluation of Epiphyseodesis and Treatment of Leg-Length Discrepancy. Dr. Pri 
D). Witson *, Dr. T. Campsett. THOMPSON Dr. Lee RAMSAY STRAUB ind Dr. Puiu A 


(7RANIERI'* presented an analysis of the results obtained by 192 patients who had had eithe 
epiphyseal arrests or stapling of the femoral or tibial epiphysis for the equalization of leg 
length at the Hospital for Special Surgery. Eighty-five per cent of these patients had satisfa 

ory results. In twenty-four patients there was either varus, valgus, or re¢ itum deformity 


In ten patients the deformity was severe enough to require osteotomy 
The authors emphasized the technical aspects of the operation 
irrest, and the need for fim I ito re the procedure ind re 
plications 
In discussion, Dr. Witwiam T. Green * disagreed wi 


inion 
e tibial epiphysis could irrested when t patient was or eleven 
remained, this could be supplemented by an arrest of the femur. He felt 
simplification and that chronological age alone did not provide sufficiently 
eorrection us Opmion Ay ilable tables based on sex 
toget] th an estimate of familv characteristics 
ind thre 1iThl il ca | i i\ r indication ) eS ¢ I cet time to do ih epipl Vst il irrest 
Dr. J. Warren Wurere, in | n, stat that he preferred to rely on the simple formula 
x irs in girls a is sixteen vears in boys, antici 
ting an annual retardation of three-eigl in inch after epiphvseodesis of the distal end 
the femur and one-quarter of an ine rtening annually after arrest the proximal tibial 
iphysis. He also emy { most the deformities that ny { | 


jtirse Of these patient ‘ 1 ! surg ib technique 


The Effects of Continuous Compression on Living Articular Cartilage. Dr. R. B. Savrer 
nd Mr. Paut Frevp presented results of an experimental investigation of the effects of 
ontinuous compression on living articu tilage. Continuous compression of living articuls 


irtilage in monkeys and in tvabbits was M i tp clamp in some animals and by simple 


immobilization of the joint u reed position 1 thers. One hundred and thirteen con 
rressed joints were ex:min htv-seven of f ‘ table for study. Lesions varving 
from superficial necrosis to loss of the full thickness of icular cartilage were observed in the 
ompressed irea ol ‘ i l ol the eight 1 Joints subjected to continu 
ous compression f \ Vs ¢ ger. Th lesions were produced by simple immobilization 
of the joint in | ti ‘ vy clam compression, but not by mumobiliz on 
tlone The eX nt 1 1 Vail ‘ ( wil the duration of continuous con pression 
It. was concluded that the he. terference with the diffusion of nutritive 
fluid through the intercellular su ! th Zz The pressure necrosis of cartilage so 


It may a 


robably ! \ i subsequent growth of the epiphysis 


ict as the starting point in th opment of degenet 
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Is to that in man and the observation of joint 


The similarity of articular cartilage in anim 
degeneration associated with immobilization of human joints in forced positions provide in- 
direct evidence that the same principle may apply in man 

Clinically, however, the development of pressure necrosis of articular cartilage is difficult 
to detect because it is both painless and occult; its prevention, therefore, is of considerable 
importance. The authors noted certain clinical situations in which joint degeneration was ob- 
served in association with immobilization of a joint in a forced position, and suggested that 
such joint degeneration might be ented by avoiding immobilization of joints in forced 


Fundamental Aspects of Muscle Function. Witrrimp F. H. M. MommMaerts, Px.D.” (J 
ind Joint Surg., 41-A: 1315-1326, Oct. 1959) 


Fibrous Dysplasia: A Twenty-five Year Study with Follow-up. Dr. Wituiam H. Harris”, 

Dr. Parricta H. Benepict Dr. H. Roserrt Dubey, Jr.*, and Dr. Roy Barry® said that al- 
though their study encompassed |!irtv-seven eases of polvostotic fibrous dysplasia and fourteen 
fibrous dysplasia only the polyostotic form of the disease was to be con- 

ntation. The salient findings were: The onset. of the disease usually oc- 


of thirteen vears. However, it may appear with prema- 
Needing at tl ige of three months, or it may only be recognized as an asympto- 
id bone disease at the age of sixty-eight, when it turns up as an incidental finding 
s extensive in a young child, it usually progresses, thus leading to increas- 
fractures. Progressior bone lesions occurs by extensions of pre- 

velopment of new |e sions, and by an inerease of deformity in struc- 

Kightv per cent of the patients sustained at least one fracture 

tients showed precocious sexual development and several had 

children of the patients in this series have shown the 

extensive disease at an early age died, upparently as the 

however, was there a verified case of malignant trans- 

in patients to whom heavy doses of irradiation had 

to the appearance ol the sarcoma. Over 90 per cent of the pa- 

ie femur. Histologically the lesions consist of a benign fibrous- 

membranous new-bone formation interspersed throughout. The 

esence of cartilage in fibrous dysplasia appear to have been 

fixation combined with autogenous-bone grafts is consid- 

edure for the prevention of increasing deformity, persistent 


iv iracterize this disease 


MiILcram in discussion, compared the findings in the series reported by 


i series of forty cases from the Hospit il for Joint Diseases and said 
e findings the tv ern \ similar. Dr. Ciuinton L. Compert commented on the 
] 


Electromyographic Study of Transplanted Muscles about the Knee in Poliomyelitic Pa- 
tients. Dr. Davin H. SurHertanp *, Dr. Frepertck C. Bost, and Dr. Epwin R. ScHoTTstTagpt 


n l omvog! hie study of twenty post poliomyvelitic patients who had had 
| 
i 


| 
insplantations for quadriceps insufficiency 
g movies were filmed simultaneously on the same reel. The phasi 
{ was plotted on polar coordinate graph paper. The graphs 
control patients were shown. Numerous phase conversions were 
ind non-transplanted muscles, Extension of the phasic activity 
t of the stance phase and conversion of hamstring activity 
non-transplanted muscles. Ten of fourteen hamstring trans- 
tivity roughly comparable to that of the quadriceps fem 
ind four of twelve tensor transplantations achieved stance 
t the tensor and sartorius transplants frequently functioned 
preliminary report was made of sartorius-tensor tran 
iscles by detachment proximally from the anterosup 
region of the greater trochantet Conclusive evidence 


insplants is not vet available 


ovascular irch Laboratory, University of California Medical Center 
( ilifo hin 
Massachusetts General Hospital, Boston 14, Massachusetts 
Massachusetts General Hospital, Boston 14, Massachusetts 
Massachusetts General Hospital, Boston 14, Massachusetts 
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The Anatomy of Congenital Talipes Equinovarus (with Ten Dissected Specimens). Dr 
Si he had dissected and studied ten club feet from stillborn infants 

il anatomy in congenital talipes equinovarus. The findings in these 

ind consisted of severe deformities of the shape of the talus, which 


otographs and illustrations. The soft tissues all conformed to the 
} 


ne bones ut 


no isolated soft-tissue deformities such as peroneal 

tendon insertions, were identified. Histological studies of the soft tis- 

in effort to elucidate the etiology of club-foot were unrevealing. The 

re consistent th those in the majority of the twenty-four previously 

infantile club-foot he anatomical deformities of patients with club- 
I irthrograms 


Correlation of the Myelogram to Clinical and Operative Findings in Lumbar-Dise Lesions. 

De. W. Epwarp Lan ind Dr. Lee T. Forp™ said that in the past it was the practice on 
rtl I I Ss Hospital not to employ the myelogram in those 
lumbosacral spine since it was believed that an ac- 

e lesion could be made by history and physical examina- 
September 1946 mvyelograms were emploved in a series of patients 
1950 Ford and Key reported their experience with myelography in 
id surgical exploration of the lumbosacral canal. They found posi- 
ind felt that the mvelogram was a valuable aid in diagnosis 

in borderline cases. At that time they felt that a lumbar myelo- 
ose cases in which the diagnosis or the location of the lesion was 

il grounds to enable the surgeon to operate with confidence. In 
Key reported their additional experience with 100 consecutive 
followed by surgical exploration of the lumbosacral canal for 

ve correlation of 60 per cent was found and again it was felt 
essarv if the history, clinical course, and physical findings defi- 

t surgeon was able to determine the approximate location 
velogram has been used more extensively, and in the 

the orthopaedic surgery service suspected of having 

vention h } i mvelogram. A total of 866 cases 

inalyzed in ittempt to summarize our entire 


» correlate this with the clinical and operative 


is well as the types of mvelographic defects found in the 
In 866 cases between 1946 and 1959 there were 625 positive 


ims confirmed at operation, an accuracy of 764 per cent 


in 150 cases (17.3 per cent) and minor discrepancies in filty- 


Nine neoplasms masquerading as lumbar-dise lesions were found in 
nt. Onlv two of these neoplasms were definitely diagnosed 
In patients in whom operation for a lumbar-dise lesion 


im should not prevent the surgeon from exploring the 
be a valuable aid in diagnosis and may be a verv help- 
mvelogram should not be made routinely in patients 
ertebral-dise lesion unless surgical treatment is being con- 


velography should routinely precede surgery for lumbar-dis 


Lumbosacral-Dise Disease. The Results of Surgical Treatment. Dr. Beckerr HowortH 
rie fly tor ine fusion and described his own technique for removal 
pine fusion, using, in the majority of cases, the Hibbs 
ticular processes by transfixion screws. He reported 
had performed 250 operations for low-back pain fron 


were 156 female and 102 male patients with an age 


s. One hundred ind eight v-one of the patients had 


Follow-up evaluations from one to twenty-one years 

on 102 patients with dise removal ‘and spine fusion, thirty-four 

disc and spine fusion, forty-four with fusion alone, twenty-six with 

s, six with removal of the dise alone, and seven with extension of 

ventgenograms of the 180 primary fusions (excluding spondy- 

pseudarthrosis and three doubtful fusions at the fourth to fifth 

tv-six fusions for spondylolisthesis there were four failures 

ured by a second operation. Eighty-seven fusions con 

Baltimore t1, Marvland 

1 5, Missouri 
us, Missouri 


Connecticut 
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fined to the lumbosacral joint were evaluated. All fused, but in six the fusion was extended 
in a subsequent operation to include the fourth lumbar vertebra. All the failures occurred 
in fusions that extended from the fourth lumbar vertebra to the sacrum 

The clinical results were considered excellent or good in 97 per cent of the spine fusions 
excluding spondylolisthesis) with and without removal of the nucleus pulposus and in 95 pet 
ent of all the fusions (including spondylolisthesis). Thirty of the patients having spine fusion 
were compensation cases. In addition to the fusion, the nucleus pulposus was removed in nine- 
teen of these patients. All but two had excellent or good results and were able to return to 
their former work which, in most cases, was heavy labor 

Dr. Howorth concluded that careful selection of cases, removal of the nucleus pulposus 
when indicated, spine fusion by the technique described, and careful follow-up give excellent 


results 


The Role of Soft Tissues in Osteogenesis. An Experimental Study of Canine Spine Fusions. 
Dr. Liuoyp A. Hurtey™, Dr. Frank E. STINCHFIELD Dr. C. ANpbrew L. Basserr™, and 
CoMMANDER FRANK H. Lyon J. Bone and Joint Surg., 41-A: 1243-1254, Oct. 1959 


Postirradiation Fractures of the Femoral Neck. Dr. Wicuiam H. Bicket®, Dr. Donan S. 
Cups, Jr.®, and Dr. CHartes A. Porretra * 
twentv-lour tractures five bilateral) of the femor 1 neck secondary to radiation therapy 
treated at the Mavo Clinic from 1941 to 1956 and followed for from ten months to fourteen 


vears. In fourteen of the nineteen patients radiation had been given for carcinoma of the female 


presented a study of nineteen patients with 


genital tract. (The average age of these patients was sixty-three he majority of the 


fractures occurred within five vears of the initial radiation therapy; one occurred twelve years 


ifter therapy. The total dosage and technique of therapy varied markedly. Pain was the firs 
| } 


sign of impending fracture. There was no history of significant trauma in the series. Symptoms 
‘usually developed gradually but the onset was acute in a few instances. Roentgenograms at 
the onset of symptoms In many cases were negative 

Of these twenty-four fractures two had no treatment, and eleven patients merely used 
crutches, vet all the fractures united—eight with excellent, four with good results, and one with 
. fair result. Seven fractures were treated with metallic internal fixation and all united with 
two excellent and four good results and one poor result. Of the four remaining fractures one 
was treated with a fibular graft with an excellent result, one with a Whitman reconstruction 
using a Vit illium cup because of a small head fi igment ind irrevor ible non-union ind two 
with Moore prostheses because of marked displacement of the fractures five and six months 
ifter onset. The result after the Whitman reconstruction was poor because of infection. The 
results with the Moore prostheses were good. The authors concluded that in these two patients 
union and satisfactorv function might have followed reduction and internal fixation or bone- 
grafting. In one patient whose fract: healed without treatment while the patient continued 


to walk. roentgenograms one vear after fracture suggested avascular necrosis of the femoral 
head, but the s\ mptoms were not severe enough to justily treatment The authors stressed the 
importance of differentiating these fractures from pathological ctures through tumor 


metastases and pointed out that it would appear that union of these fractures in some instances 


can be anticipated in about the normal time, even when the fracture is recognized late and the 


] } 


head has slipped into varus position, if nothing more than crutch-walking 


therapy 


AMERICAN MEDICAL ASSOCIATION 
SECTION ON ORTHOPAEDIC SURGERY 


As Preparep BY Ropert J. Jopuin, M.D., Secretary, SECTION ON ORTHOPAEDIC SURGERY 


The 1959 Annual Meeting of the Section on Orthopa 
Medical Association was held in ‘itv, New Jersey 
under the chairmanship of Lenox D. Baker, M.D., Durham, Nort 
of the session ind a sume of each papel! presented follows 
The meeting on June 10 opened at 9 a.m. at the Shelburne Hotel 


were presented and discussed 


34. Columbia-Presbyterian Medical Center, 622 West 168th Street 
Columbia-Presbyterian Medical Center, 622 West 168th Street 

36. 15-219 VC-P&S, 630 West 168th Street, New York 32, N. ¥ 

37. Dental Division, Naval Medical Research Institute, Bethesda, Maryland 

38. 200 First Street, S.W., Rochester, Minnesota 

39. 200 First Street, S.W., Rochester, Minnesota 

10. Mavo Foundation Rochester, Minnesota 
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Complications Following Bryant’s Traction. Dr. Raven T. Lince’ gave a critical analysis 
ol thirteen consecutive patients tre ited with overhead traction for fracture of the femur 
except one patient had received initial care. Dr. Lidge said that although confusion still 
to how old itient sl nailed be when B \ int’s traction l | hie th OVCT- 
should be mite { <¢ children not more ( ind 
pounds. For the older 
i ist ol Russel bet 
with sk skeletal traction 
has led many to feel that Bryant’s traction is a simple method 
still not well known. Most of the complications observed 
d during the first forty-eight to seventy-two hours alter institution of tre 


complications ranged from simple skin irritations to gangrene leading to amputation 


* Lidge illustra ie complications that followed Bryant’s traction by presenting the 
t { so involved. He concluded by stating that although prevention 
Brvant’s traction is still a common metho { it and 


not lull the doctor into a false sense o 


The Treatment of Calcaneonavicular Bar. Dr. James 1. Kenprick { diagnosis 


e results obtained in f reatment of caleaneonavict ba ! gnosis and 
on of the bar before the bar becomes complete have resulted in tory rehet 
ol the { sin whom the bar has become complete, rese of the bar is | 
e and often not C1 tive in relieving symptoms; there has been marked tend- 
; 


ency for the bar -for r. Kendrick also presented and discussed pathological specimens 
Olecranon Fractures. Dr. Scorr Apier*, Dr. Garpner Fay, and Dr. Wittiam R. Mac- 

\USLAND, Jr., reviewed 100 solitary fractures of the olecranon with | irticular regard to the 

nd result of those treated by open reduction at t ] t 1 Hospital 


The rv fractu wit ited with plaster immolhilization 


wire 


Extradural Osseous Lesions Simulating the Disc Syndrome. 
t extradural osseous lesions simulating the dise svndror 
2) multiple mveloma of 
the ilium 1) chond 
tabulum, (5 mia re t the neck of the femur, (6) giant-cell 
umor of the sacro-iliae joint 
more lamimectomies for a dise protrusion, but showe 
need for a thorough clinical oentgenographi 


lumbar and pelvic a s, before 


Management of Musculo-Skeletal Lesions in the Hemophiliac Child. 
1 De. Irving J. Wouman, and Dr. Jesse T. NicHoison presented a 
100 «| th hemophilia. Musculoskeletal deformities were 
1 tion of compression b ig splinting bevond 
nd sedation; (2) rrectior clotting 
spuration 
roids (hydrocortisone), and, 1 cases, system 
graduated exercise beginning in balanced suspension ind (5 
! ilies ! t Ci wit! int ¢ tract wk’s traction 


rraatie LOW ‘ { i esse! 


Hip Shelf Operation in the Adult. Dr. Davin M. Bosworrn ", D1 


J. Wiiuiam = Frevpine 
Dr. Tapao Isnize Ka, and Dr. Ripvan Ece reported t 


by thirtv-three adults 


results « ! 
who had a |} shelf operation; the average follow-up wa ven ! ition consiste: 


in implant large lon shelf i { uter ul the iltum and placed 


1. 4833 West. Peterson, Chicago 46, Illinois 

2. 2020 East 93rd Street, Cleveland 6, Ohio 

3. Children’s Medical Genter, Boston 15, Massachuse 

1. 485 34th Street, Oakland 9, California 

5. 1740 Bainbridge Street, Philadelphia 46, Pennsylvania 
6. 742 Park Avenue, New York 21, N. ¥ 
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eneath the gluteal muscles and snapped into a slot cut in the outer ilium. The hip-shelf 
rocedure was used mainly for congenital dislocation and congenital subluxation, but was also 


used on occasion for dislocation after poliomyelitis and for coxa magna with osteo-arthritis 


t 
» benefits achieved were: re-establishment of stability, enlargement of the area of the 
ht-bearing surface, increased power of action of the gluteal muscles, and denervation 
ipsule beneath the shelf. There was marked improvement in stability of the hips ir 
tients and relief from pain, limp, and discomfort in almost all 


Non-union of the Clavicle. Dr. Cuartes 8S. Neer IL* presented a study made of eighteen 


ununited fractures in adult patients. The four outer-third lesions were, without exception 


issociated with dis tle ! coracoclavicular ligaments. The most important « iusal factor 
in mid-clavir r non-uni however, was improper open treatment initially. The original 
ration in ten fourteen ununited middle-third fractures 

ired treatment. Two pathological conditions were recognized: 

generally prefer ible to excision. Bone 


ps with bone grafts, end-to-end con- 


ldren, which were not included in the study 


ther than congenital defects, 


iedi surgery oO the American Medi 
4.M. at the Shelburne Hotel. T 


The following slate was present 


M.D., Rochest¢ nnesota; 

Los Angeles, Californ 

iokline, Massachusett 

‘} go, Illinois; 

M.D... Oakland, California 

mes J. Kendrick, M.D., Cleveland, Ohi 
ns, M.D., Galveston, Texas 
David S rh M.D Phila 

M.D.. San Francisco, California 


uv 


\ Busit ~ ' vere presented 


Observations on the Long-Term End Results of Ninety Cases of Calvé-Legg-Perthes 
Disease. Dr. ar RPEN TEI nd Dr. Dovuctas O. Powe. discussed their conclusions 
ty ses of Perthes disease. End-result roentgenograms 


ompletion ol ‘ nent, were used as the basis of 
ompare the end result 
that controversy exists 
ree groups, depending 
time of admission: Group 
i ou EXTENSIVE hanges There 
five to one Fiftv-four per cent of the 
idmission, Onl ty were in ! I 
essed with t eed for a } 
gnosis and treatment before 
n Group L hae n exceller 
gardless of the f 
result nd all patl { ) I wht had 
wing during the pet f epiphyse ruction 1s 
ioral head is to be the desired end result. The 
means of preventing weight-bearing in thi 
irly ignosis and restriction of weight- 


noral head 


Chairman's Address. | NON isAKEI 


presented technique 


Disc ography $ 
; et ] 


Technique and Interpretation. Dr. CHartes Keck 
disk { 


which may be 1 is a guide and adjunct to mvelogt iphyv in 
ind illustrated diagrammatically 
ev and additional informa- 


roentgenographic interpretation 


w York 
nklin Street ichmond 19, Virginia 
sitv Hospit il, Durham, North Carolina 
sitv Hospital, Durham, North Caroln 
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pends on the correlation of five factors: (1) the amount of dye accepted 
2) the degree of pressure necessary to inject t he 
itient’s pain on injection; 


th th 


contrast mate- 
4) roentgenographic pattern of dye 
1@ Clinical picture 

intage ol injecting | conjunction with 


Phe Diagnosis and Treatment of Osteoporosis. Dr 
clinteal chara istics and follow uj 
ts with osteoporosis with compresse:t 1 
between 1950 and 1958 
ten of hilt 
luding hormones 


for 


James A ol ind Dr. Puinn 


lies of diagnosis and 
by if idmitted to The 


vatients were not improved despite various forms 
urty-seven patients receiving hormones, nineteen were 
long peri of time and eighteen require 


1 discontinuation because 


orosis sometimes Is 4 rogresslve 
ilwavs effective Neverthe 


disabling disease in 


less, an attempt should be 
ge +} 


es for those patients who must | 


made 
oO espond dt imatically to tl 


e readmit 


ted to the hospital frequently; they 
us form of therapy 


Congenital Dislocation of the Hip in the Early Walking Group. Di 
‘and Dr. Paut L. Norton reviewed the results of treatment of congenital dislocation 


| lv-walking group (from one to three veal 


} irs t the Lakeville State Sana- 
1949 to the pre 


Epwarp A NALE- 
BUFE 


of the | 
sé time 


erred position of immobiliza- 

l inteversion bv rotation os- 
mamtain a stal I 1 

s for prolonged perioe ‘ often followed) by 

which was then managed by converting to abduction-internal ro 

en reduction, wit] tation osteotomy. 


Ostamer—A Polyurethane Polymer: 
rhirty-five Cases. Dr. Micu 
e of ostame nd th es 


Its Use in Fractured and Diseased Bones. Report of 
14EL P. Manparino™ and Dr. Josepn E. Satvatore discussed 
ilts obtamed in thirty-five patients 

Ostame i rigid polvurethane foam, it « © poured in liquid form nd 


ties of strength, osteogenesis, non-toxicity, cohesiveness, and ease of 
It is 


vy studied plastic used 


the 


has propel 
handling at surgery 
in the human body to d 
irs to ascertain the 


mperties 


ite. Experiments 
toxicology, absorption, metaboli 
ircinogenicity, and = strength-potential of the sub- 
ostamer has the strength per square inch and the adhesive- 
ind that it provides a chemical lacunar svstem. New 

ce, but grows through the plastic, as would be expected with 
mits earlier ambulation of the patient and a more 


route 


t 
bone 


rapid return 
el 


forms of treatment. 


itients hay 


than ot} 
1959, 220 ve been treated by 


ostamer and reported; 93 
essful results 


uuthors concluded that of the thirty-five patients personally treated by 
-four had had previous surgery and eighteen of these had 
f ster hi 


ve patients with fractured 
ventful healing: five 


them 
previous infection. In the 
or diseased bones 
continued to have drainage (but 1 
proliferation); and two, with involvement of the tibia, had 
failures. All infections occurred in the tibia 
The possibilities of successful results in difficult procedures have been so enhanced by 
e of ostamer tl one finds it difficult not to be stimulated. The use of 
in pathological fractures 


twentv-eight showed 
ventgenograms 
show 


results classified as 


ostamer li! bone 


associated with terminal malhgnant 


of the Section on Orthopaedic Surgery of the American Medical 
Combined Meeting with the Sections on Phvsical Medicin 
The Combined Meeting, which opened on Friday, June 12, at 9:06 
Hall, w nposi 


iposium on Athletic Injuries, Dr. Don H 
Oklahoma lerator 


ind General 
4.M. at Con- 
O'Donoghue of Oklahoma 


Moderator’s Address. Dr. Don H. O’Donocnur™ said that most physical education 
11. 110 East 87th Street, New York 28, N. Y. 

12. Veterans Administration Hospital, Jamaica Plain 
13. 210 North 15th Street 
14. Lee at 10t} 


30. Massachusetts 
Philadelphia 2, Pennsylvania 


Street, Oklahoma City 3, Oklahoma 
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irried out through organized athletics. There are tre- 

i thes ire conducted on i proper basis 

ind spirit. The princi disadvantage is that there are 
lack of rapport between doctors and athletes is rapidly 


roved understanding of the common interest of the parents 


mich in the preventi if athletic injuries,.as well 


100 
itment, not th isiest 3) do not 
itment or must beheve 


tment must be 


Report of Activity of the American Medical Association Committee on Injuries in 
Sports. Dr. Attan J. Ryan said that the establishment of a Committee on Injuries in 
ts bv the mi n Medical Association December 1953 was the beginning of an 
es in this country. Through its contacts 

thie Nationa Association of ntereol- 

ite High School Athletic Associations 

ion with those engaged in the trainmg and 

hool level. It has promulgated in connection 

for the protection and care of college and 

rganization of regional state ind local con 

thletic injuries. Members the Committes 

national organizations « med with the 

il recommendations luting to the par- 

in football contes nd on making 

he Committee. Further devel 


‘ { , 
ntere T tied 


Athletic Injuries at the High School Level. Dr. ANprew Tomi said that anv physician 


lon li } thlet <s on exhibit” before el mor mn at any 


diagno inf 
iddition to mak 
game ind then 
high-school 


rotective 


Athletic Training. Mr. Kexnxeru ‘ INSON tat thea { { trainer’s duties 
com- 
good 


equip- 


The 
phvsicl 
trainer works witl the team VSICIAN 
ological conditions involving the knee, shoul- 
they could ha Heel taken ire of when 
should be ir ft hlete if surgery is 


to colle yi 


Mr 


hilatie trair Por t} r hely nad ¢ ] ifion 


The Therapeutic Employment of Brief Maximal Isotonic Exercises. Dr. Donan | 
tose said that muscle weakness, as clinically, is frequently caused by non-organi 
} } prehension, stiffness, lack of motivation 

A technique for loading of the quad- 

} movement pattern, whicl 


within the limits 


15. 26 Fair Street, Wallingford, Connecticut 
16. 3808 North Navarro Street, Victoria, Tex:s 
17. Universit of Oklahoma. Norman, Oklahon 
18. Universi of Kansas School of Medicine, Kansas City 12, Kansas 
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Prevention of Athletic Injuries: Basic Considerations. ; fopeERT G. BRASHEAR 


sted three needs for the prevention of athletie injuries ) head coach with superior 


qualifications; (2) an athletic-team physician who will is consultant and = participant 


ind (3) full-time lay traine t] i ! in prevention 
mers \ sxc i ale 0 a wilt ! ducation 
thleti rammers, ame merican Medien clition ist th 1 lization under 
The Baseball Shoulder. ° Diveu ind Dr Meyer said tha 
me overexertion of throwing 2a basebal ten causes cert pathological changes 
ssional baseball plaves This continued 
r both. of the orig ice) 


Shoulder Girdle Injuries. 
d by athletes 


irogeni 


Knee Injuries Incurred in Sport. 


dal ool 


ries almost never 


Rehabilitation of Athletes with Patellar Injuries. Dr. Donacp R. LANNIN kent records 
nyu I lar injuries with other 


patellar iries und on the incidence of associates ite 
ind ligamentous kne¢ 
posterior aspect of the 
m of rehabilitation 


WwW 


ind return to 


Protective Equipment and Protective Taping. Mr. Kexnxetu B. Raw tnson 
types, costs, and stvle f equipment worn in collegiate and high-school foe ind 


monstrated the following tvpes of preventiy iping used at the University of Oklahoma 
1. Ankle higure- t ankle wray i inkle wray best); b ve witl 
kKlahoma heel lift | “O° 
2. Longitudinal a 
}. Foot rest strapping 
1 Knee nethods ol Stl} yt tl ‘ lf if wament Stl 


it have been operated on 


807 Medical Arts Building, Knoxville, Tennesses 

1312 J. C. Nichols Parkway, Kansas City 11, Kansas 

1313 East Ann Street, Ann Arbor, Michigan 

319 Longwood Avenue, Boston 15, Massachusetts 

942 Lowrv Medical Arts Building, St. Paul 2. Minnesota 
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ARTHUR STEINDLER 
ISTS—1959 


ed colleague passed awav on Julw 2b. 1950 


was born on June 22, 1878, into a Viennese family already distinguished for a tradi 

of learning. Thoroughly grounded the rmgorous classical education of a nineteenth- 

in capitol, he proceeded to make study his work, hobby, and life. In 1902 

legre in medicine the University of Vienna and in that vear he said he 

pecialize in orthopaedics. He spent the next five postgraduate vears with 

Kdward Albert, who is best known for having devised the method for fusion 

ioulder in 1895. However, it was in America that Arthur Steindler wished to work 

1907 he went to Chicago as assistant to John Ridlon. Since Iowa, near by had but 

thopaedists, he moved to Des Mo.nes three r and became Professor o 
vedic Surgerv at Dh } ical School 

1915 he was « Nn tat Universitv of Towa in lowa Ci ! ! far-sighted 

the Departm« Surgery, Charles Rowen. Rowen insisted that i edics was 

grow it must be a separate department from general surgery 

tv-five vears Arthur Steindler occupied the Chair of Orthopaedic Surgery at 


rsitvy of Towa. In 1949, retirmg from active professorshi to emeritus pro- 


ontinued his private practice in Lowa City 


sons who visited or worked in lown Citv will ever forget the modest. tireless 
library from gawn to breakfast, who operated at 8:00 a.m., who prob- 
teaching schedule in tl land, who treated many private patients 


ening of work fo < da week and until Sunday morning at 


table wife, Louise \ t the Children’s Hospital at 

1914. Her devotion enabled her t p aside through an entire 
working hours, for time was irreplaceable 

ntly smiling man, who often shuffled a bit as walked 

kindly. His command of English was astonishing spoke 


1 one-man | iture-abstract svst 


orthopaedsr 
ry comments ol i vou t sident 
did he critieize 
Steindler’s claiming the error for himself 
Wise enoug 1 ticipat ind diligent enoug! I ! mil ik would 
that he meant it 
manv vears tl 
Zt i fellow o thoy iedist 
i he but knew them 
n simply because they 
detailed inalvses sought 
minded to the last 
rished them and remaimed loval 
gorous intelligence marked him as 
ind organized a te ching program 


knowledge was ever more | d and trusted 


ibutions were «astonishing. He rote 240) pay ine \ /00ks 
His interests were broad and vat his gentle but firm prod- 
ure pioneered in the field of 1] ublic programs for the erip- 
ogram for graduate education he hit vel 5 thopaedists, many 
schools and centers for te iching here ind abroad 
ts were always in challenging fields where orthopaedics was least de- 


iraly irthritis, scoliosis, neuromuscular degenerats 
studied and marked by his industry and wisdom 
commenced to. sti the need for b rch in ortho- 
iedics, which ted in Ins 1983 Pi nti ~s to The er Orthopaediu 
himself tudy human mechanics had taken 


urses in mathematics, physics, and engineering. Being « linguist, he brought into the Eng- 


sociation, Ts idequately equip 
language orthopaedic maternal from many foreign sources, pursuing his work nightly 

for ye in the face of exceptional dema time. Beginning im the twenties, when he 
ublished a paper on action current, his ph m biomechanical research was continu- 
ous. In 1935, when his Mechanics of Normal and Pathological Locomotion in Man appeared 
ind aroused but little interest, he prompthy down to write a better book, blaming him- 
self in his next book’s preface. He li 1e interest shown by himself and his friends 
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Schwartz, Abbott, and Inman expand into the organization of i¢© Orthopaedic Research 
Society in 1955, which delighted him. 
Although he never thought of himself as an operative techni 
first monographs on upper-extremity reconstruction. For poliomyelitis he intro 
irthrodesis of the shoulder, devised the extraordinarily valuable operation 
ol the elbow ind le veloped i good opponens-] iralvsis plasty which Wits 
roved and replaced by his friend Bunnell 
For lower-extremity reconstruction, through numerous early ticles and later book 
he presented and delineated many operations in wide use today: pantalar ankle fusion 
Vnove lo ‘ knee ind st lective nerve ind fascial resections 
He cipient of honorary degrees and professorships and en membershiy 
British man, Belgian, Argentinian, Mexican, Portuguese, 
ind societi He was, however, most plessed with two honors 
American Orthopaedic Association and Honorary Fellowship in 


Ir pril 1959, wit 1 \ t| t bh iuse of cancer. he 
id suggested tl ] ) Del thers like him and _ his 
would again come o i His u a t voung 
ire wonderful. Much ul I 
He managed to proof o 
nd he completed it only a few days before 
His persol ility tou man persons 


in we 


for he 
n education. } t classes 1 ince lar 1 I University 
shortly before Her four child: t ind two daughters 
rofessional 
n Dr t it to Chicago, in addition to a good background 
id cultural background in the humanities. In 
ofessional musician, but, on tl idvice of his fat 
medical school t 1\ sity of Vienna. Re iding good books on literature ind 
ind plaving the pl his hobbies After three 1 Chieago and fou 
Moines, he went t it Ci velop the Department of Orthopaedic Surgery 
t university in this small Midwest: 
found a congen tual | He built his home on a bluff over 
ind on the pedi loor inscribed Horace’s quotation, “// 
om ngulus l Dr. Steindler finally found the corner of 
o him rs and there spent the rest of his verv produ 
blessed wit strong body and an inexhaustible amount of energy 
wking ane { l Children’s Hospita ill dav and reading and 
found solace in playing the piano and tl 
bead 
refined ist I I enjyoved re iding Virgil Horace ind 
classical and modern German, Frenc} 
tlm, early June evening of mv frst day in Iowa C l 
reading in his garden, which was handsomely landscaped 
s charming smile and read aloud with great delight 
1 good Castilian pronunciation. Owing his 
pages of this and other works « 
wian. He was fond also of reciting Cvrano 
I hi modern I inish writers he en oved Pio Saroja ind Jose 
‘amilo Cela \ intly reading Ibsen and Tolstoy. During his convalescence in 
the hospit ‘ his gall-bladder operation in 1953 he read Suetonius’s The Twel 
Caesa Oo \ its he v 


vould recount, with twinkling eves, some of the gossipy stories 


of one t] a rs. He belonged to two dinner clubs where he enjoyed discussions on 


1 
literature l philosophy He had m friends on the « impus and the venera- 
tion of all the tat f low 


Dr. Steindler’s mother and brother were visitu sin Vienna in 1914 when World 
War I started. Throughout the uration of ‘ ir, | sensitive soul found comfort in 


music. He was an excellent pianist and often p ( with Professor Clapp, who was 
head of the Department of Music of the University ind one of the outst inding American 
musicians of our time. He was also fond of plaving Beethoven's sonatas with Dr. Byfield 
Pediatrics and a good violinist. Besides Bee- 
hoven, Mozart, Schubert, and Grieg were his favorite composers. Unfortunately, he found 


who was the head of the Department of 


little time for music when he embarked on the study of kinesiology in the late twenties 
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ind plaved little during his last ten irs. He was t in writ 
books which enriched so handsomelv our knowledge of orthopaedic su 

Dr. Steindler’s only physical exercise was a brisk daily two-mide walk to watch the tra 
iutiful Towa countryside ive o'clock in the morning. He found 
orthopaedi 
continually occupied 
well grounded and 


00 absorbed ing of his many 
very 
iring through the he 
pleasures in his work and hment of his gifted mind. In surge! 
idhered to sound biological 1 ind was in slowing down 
whims of yperations wert 


Iwavs on the look« 


passing fashionable 


tested 


of mind 


leone 


; f ul ind «a fabulous 
problem ! pertinent 


ind unex- 


english speak- 


goodness 


vanity made him the 


in nd Arthur Steindler as frien 
inv of his North American friends and 
t ) Latin Americans tl 
lis knowledge, his 


h. | broad: 


iblish hi 
ould not 


mse] 


unle 
ident in 


I 


f ie I 


NN ue 


| vce ime whic} 
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notes like any student. He was not brilliant or spectacular as a surgeon but his 


time nor racing gu 


was recise firm ind gentle i her losing 
t t formed was an easy 
Iving 


ls or desires of M 


ll things 


tients 


re, knew his- 


nd knew t good 


Ke vies 


Orthonae 


t MAN, like 
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WILLIAM EDWARD GALLI 


heir lovalty and aff 


There was nothing dral 


members of a team u 
him wes a faseimat 
vwiventure. His imag 
meet 


ings stimulating 


imbued with his ow: 


oungest, will 

sudilv howed 
scientific bod 

tion for it. He w 
spoke well, using 


itous phra 


rs how 


e wards te 
new-found liberty 
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EXPLORATORY 
FENESTRATION 


humerus with partial removal b 


rettement of a lesion in the marrow 


»' 


Irregularly caleijed lesion in the medullary 
cavity with smooth scalloping of the endos- 
teal surface of the cortex. Lesion oce upies 
the proximal half of the shaft extending to 
the region of the tuberosities. Radiograph 
made on Kodak Royal Blue. fastest avail- 
able medical x-ray film, designed expressly 
to provide maximum information with 
minimum exposure, ’ 





Exploratory Fenestration (Continued) 


olographs reproduced on this anal the surgeon for teaching and review. as well as black- 
were made on Kodak Ektachrome ind-white prints for files —detinitive. fully objective 


, 
ere available to the materials for use any time. anywhere 


a 
— 








Order Kodak x-ray products from vour Kodak x-ray dealer. 
Kodatl ph Mographi products from vour Kodak photographie dealer. 


am Medical Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
aa 

_ Kodak 

ae ie thay bet 











A fitting service 


you can prescribe, 


with confidence... 


Your Truform anatomical supports dealer is an 


expertly trained and skilled technician. 


When you prescribe Truform you can count on 
him, and his staff, to select and fit the right item to 


provide effective support or effective fixation. 


Training at factory schools and in refresher 
courses assures this: accurate fitting of quality Tru- 
form supports, to provide the maximum therapeutic 


effect consistent with comfort. 


Truform anatomical supports are available only from 


the Ethical Appliance Dealer. 


Three pull straps control 
traction in this Model 430-EHS 
lumbo-sacral support... 

two rigid steels 


anatomical supports 
3960 Rosslyn Drive, Cincinnati $9, Ohio 


Branches: New York and San Francisco 
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STIC gives you something better 
in a plaster bandage 


HE PROOF IS IN THE 
LL-DAY, EVERYDAY USE 


You can feel the difference immediately 
OSTIC is creamy, gentle, never gritty 


Strong, fast and precise, this is the all-around, easy-to-use 
bandage so popular in teaching centers. It delivers at least 
97°. of the original plaster to the cast because of the insep- 
arable bonding of plaster and starch-free crinoline. Avail- 
able in two settings of Fast (S to 9 min.) and Extra-Fast 
(2 to 5 min.). 

Ostic plaster casts stand up under all kinds of wear. 
Even with the more unusual fractures, as well as rambunc- 
tious little patients. And Ostic is consistent. Every time 
ou open that waterproof package you know you re going 
to get the sa.ne good results you had with the last one. 

For strength that meets every need, and creaminess that 
is kind to your hands all day, rely on OSTIC Plaster 


Bandages 


Ostic comes in individual 
airtight packages which prevent 
pre-setting. Plaster stays 


OSsSTIC Bauer « Black 
PLASTER BANDAGES ii oe 
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SAFER ER and QUICKER MENISECTOMIES 
an BOWEN Instruments 


Grover Smillie Cartilage Sets 
| | (>) ) Meniscotome ume teabad vaies. Yonge tab arenes 
rests on tibiai table Beaked knife di 





Used through any arthrotomy vides the peripheral attachments of the 
exposure and on either semi medial meniscus. Also divides the cen 
tral attachment of the posterior horn of 
the lateral meniscus Second beaked 
the integrity of all structures knife used for the same purpose, also to 


¥ within the joint and permits divide the central attachment of the 
complete removal of either posterior horn of the medial menisci 


lunar cartilage, it guorantees 


Chisel mobilizes middie third of the 
meniscus men 
No. 108 
Designed like a large intra-uterine curette (Curved Shonk) 


it presents a smooth rounded guard on the ILLUSTRATIONS SHOW POSITIONS OF KNIVES IN USE 
outer surface of the ring, the inner margin 


of which is a keen knife edge permitting ) ) “ 


cutting in any direction. Its use will shorten 
by about one-third the present operating 
time 





Standard Length: 8'2” No. 128 — 
Y Uj (Straight Shank) 





ee 


= : tea ca ae 
specially curved shank to facili 


108-4 90° Smillie Cartilage Kifo\. late the. femoral ot the Poser 





\ 
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Smillie Knee Joint Retractor Set (stainiess steei) 


The angles of the blades and the mocified handies of these retractors have been altered to give 





a better grip and keep the fingers awc, from the incision. They are exceptionally well designed 
for the removal of menisci and for use in practically all knee joint operations. The set of four 


comprises one hook and three with blade lengths from 11% inches to 3 inches. 


FEATURES: ‘Sure grip handles for perfect control."' * “Hardened and 
tempered to rigid specifications.’ * “Useful retractors for many other 


surgical procedures.” 


No. 145 Knee Joint Retractor Set 
(Four Pieces) 


Meu! BOWEN Liquid 
DISPENSER 


Unigue! For the dispensing of alcohol and 
other cleansing liquids. 
Patent No. 2,752,069 
® Quick Acting © Unbreakable ® Will Not Tip ONLY 
® Easily Operated with one hand s] 50 








® To Use, Just Press on Metal Plate! 


BOWEN & COMPANY, INC. “BETHESDA, MARYLAND 
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The perfect foundation 
for maximum inlay build-up 


When a youthful patient’s feet demand 
shoes with maximum inlay build-up, he re- 
quires a shoe with an extra strong founda- 
tion. In this type of case, doctors prescribe 
Junior Arch Shoes with long 


counter and Thomas heel. 


The long medial 
contour of the last, and extends beyond the 
The Thomas 
arch to 


Preserver 


counter follows the 


for additional support. 
heel extends under the 
provide an additional heel base for adding 
under-footing. 


arch 
forward 


extra inlays and _ stronger 


For the name and address of the store 
nearest you carrying Junior Arch 
Preservers, write directly to 


Medic Shoe 
Manufacturers, 
Inc. 


1212 WOOD STREET, 
PHILADELPHIA 7, PA. 


These two-fold features afford a 


foundation of two-fold extra strength. 


extra 


When you want a child to have shoes 
with the perfect foundation for maximum 
inlay build-up, you'll find Junior Arch 
Preservers with long counter Thomas heel 


the answer to his needs. 
recommend shoes for infants 


remember — Medic 
doctor’s shoe 


When 
children, please 
shoe to fill 
prescription needs. 


you 
and 


makes a every 


ARCH PRESERVER 


pa 


The complete line of feature shoes for children that doctors recommend 
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Refresh Your Knowledge 
on Management of Current 
Orthopedic Problems 


with the recently published Mosby book 


1959 INSTRUCTIONAL 
COURSE LECTURES 

of The American Academy 
of Orthopaedic Surgeons 


Without stepping out of your office door, you can 
ittend a true postgraduate refresher course giving 
practical, wel! illustrated and detailed information 
on management of orthopedic proble ms of greatest 
current interest to you. The new 1959 INSTRUC- 
rIONAL COURSE LECTURES of The American 
Academy of Orthopaedic Surgeons can help you 
to better understand ind treat specihe problems 
is well as widen vour horizons in the entire field 
t orthopedi: s 


Most important, you get this information in the 
same form it was given by outstanding orthopedix 
urgeons at the 1959 meeting of the Academy 


Published in the same atlas-size format as in pre 
vious years, this new 16th volume reviews funda 
mental areas and gives a detailed report on hand 
surgery. It includes lectures on athletic injuries 
ind surgical treatment of the foot, the kne« ind 
the spine. Current methods for surgical care of 
fractures of the elbow, neck and hips ire thorough 
ly explained by specialists nh the S¢ fie Ids 


Edited by FRED C. REYNOLDS, A.B., M.D., Professor of Ortho- 
paedic Surgery, Washington University School of Medicine 
Just published. Volume XVI, 335 pages, 8'/2" x 1034", 260 
illustrations. Price, $16.00 


New! 2nd Edition Merrill 
ATLAS OF ROENTGENOGRAPHIC 
POSITIONS 


In the field of roentgenographic literature, this 
book has always stood out as a classic. Now in its 
new 2nd edition this two volurme atlas achieves 
even greater distinction for comprehensiv 
coverage, for masterful illustrations and for superb 
desc nption Already containing thie largest single 
collection ot roentgenographi positions, the new 
edition of Miss Merrill’s book has 40 additional 
positions 


By VINITA MERRILL, While Educational Director, Picker X-Ray 
Corporation. Just published. 2nd edition, two volumes, 663 
pages, 9° x 12’, 1537 illustrations, 5 color plates. Price, $32.50 


Purchase Any of Three Ways 

At Your Favorite Bookstore; 

From Our Personal Sales Representative; 
Or Order on 10 Day Approval from 


The C. V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


— 
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VITAGENIC 


THE PRESCRIPTION-BUILT 
EXTRA-FIRM MATTRESS 
NEEDS NO 
INTERPOSED BOARD 


Physicians and orthopaedic specialists 
know that a bedboard—even one that is 
interposed in a mattress —is only an at- 
tempt to correct a structural weakness 
and inadequacy in the mattress itself 
The ViTaGeNIc by AIRELOOM requires no 
“make-shift” additions 

THE VITAGENIC is a mattress and box 
spring conibination made according to 
the exact specifications of registered or- 
thopaedic specialists. It is an important 

almost essential — adjunct to your plan 
of treatment for pain of backache or 
acroiliac injury. You prescribe the 
exact degree of firmness necessary for 
your patient as well as any other fea- 
tures required for treatment or comfort 
CURLED HAIR FOR RESILIENT FIRMNESS 
Firm body support without undue pres- 
sure on nerve points or interference with 
circulation. 
HAND-STITCHED SAG-FREE SIDEWALLS 
Sag-free edges allow patients with back 
injuries to get in and out of bed with 
less effort and greater stability. 12% 
more usable sleeping area. 

THE VITAGENIC IS GUARANTEED 
FOR 15 YEARS 

For full details on the prescription-built 
VITAGENIC, contact: 


iueleom 
BEDDING COMPANY 


1119 Westminster Ave., Alhambra, Calif 


created by King Karpen—established 1951 
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LECTURES ON THE INTERPRETATION 
OF PAIN IN ORTHOPEDIC PRACTICE 


i RRR 


ss 


REBBK RBBRK MBBRK WRBRK RBBBK RBBBK RBBBK RBBBK MBBBK RBBRK MBBBK RBRBK RBRBK RBBRK RBBRK RBREK 
By 


ARTHUR STEINDLER, M.D. 


Professor Emeritus, Orthopedic Surgery 
State University of lowa Medical School 
Iowa City, lowa 


With Anatomical Dissections by 
DR. RODOLFO COSENTINO 


La Plata, Argentina 





NOVEMBER 1959 BOOK 





The orthopedist is confronted with 
three principal types of complaints. . 








¢ Deformity, which includes contractures, 
disalignments and tumor formation 


¢ Dysfunction of the locomotor apparatus 


On deformity and dysfunction there is a wealth of information, but pain has become 

a stepchild of orthopedic investigation. In his present and possibly his 

greatest work Doctor Steindler analyzes PAIN SYNDROMES APPLYING SPECI- 

FICALLY TO ORTHOPEDIC SITUATIONS. When pain is a premonitory or present- 

ing sign, such an analysis means recognition of the condition 
© While it is still in reversible stage 


¢ While appropriate measures of prevention can be taken 


A MINUTE ANALYSIS OF PAIN 
Ihe Autonomie Nervous System in the Pain 


Syndromes of Orthopedic Conditions e The Shoulder Pain Syndrome: Toe Shoulder 
Joint Pain 


Hand Syndrome 


e Lumbosacralgia and Sciatica 


Pain 'p Museles, Tendons and Fasciae Pain Syndromes of Elbow and Forearm 
Bone Pain: Ostalgia ' : Pain Syndrome of Hand and Fingers 
Neuralgia, Causalgia and Phantom Pain : 
) The Pain Syndrome in Disturbances of the 
Central Pain and Orthopedics Hip J R 
The Cervical Pain Syndrome: A_ Regional ip goint Region 
Analysis of Pain The Pain Syndrome of the Knee Joint 
e The Pain Svndromes of the Dorsal Spine Pain Syndromes of Foot, Ankle and Leg 


Sit in with Doctor Steindler as he shows you how to facilitate EARLIER DIAG- 
NOSIS and MORE EFFECTIVE MANAGEMENT of conditions involving locomotor 


apparatus. 


680 pages 334 illustrations $18.50 





CHARLES C THOMAS e PUBLISHER 301-327 East Lawrence Avenue SPRINGFIELD e ILLINOIS 
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Triple arthrodesis fusion of, the 
ankle, using a %” dia. oscillat- 
ing bone plug cutter. 


. for Safe, Controlled Bone Surgery 


A balanced power tool that enhances the surgeon's 


skill in cutting bor High-speed oscillating blades, 
chisels, and plug cutters have been designed 
he surgeon must perform 


soft tissue 


mation on the Stryker Bone 


Surgical unit, write today. 


E Crushg 
| 44 0, Manufacturing Quality Medical Equipment 





Orthopedic Frame 


420 ALCOTT STREET . KALAMAZOO 


Exclusive Age 


In answering 


Handpieces for the Stryker 
Electro-Surgical Unit. . . 


Bone Saw 
Rolo-Dermatome 
Sagittal Saw 
Pencil-Grip 

Burring Handpiece 
Bone Drill Handpiece 


Automatic Screwdriver 
Colorguide Drill 
Jacobs Chuck 


Colorguide Screw Case 





MICHIGAN 


t for Export 








Tint) FOR PHYSICAL THERAPY 
2 one AND REHABILITATION 


REHABILITATION: Bicycle Exercisers ; Restorator ; Complete Line of Cerebral Palsy Equipment — Speech 
Walking Parallel Bars and Exercise Staircases of vari- Therapy — Self Help Devices for the Handicapped. 

ous designs; Posture Mirrors; Gymnasium Mats; 
Shoulder Wheels with or without height adjustment; 
Elgin Progressive Resistance Exercise Units; Quadri- 
ceps Boots; Dumbbells; Chest Pulley Weights; Standing CONVENTION NEWS 
(Tilt) Tables ; Stryker Turning Frames. 





At the Chicago Convention be sure to see 
= ; ea . P @ ALL Bunnell Hand and Finger Splints in 
HAND THERAPY DEVICES: Kanavel Table; cluding three all-new extension splints 
Manuflex; Wrist Exercisers; Complete Line of Bunnell 


. one e@ Ne N = cle ) $79.95 
Splints ; Theraplast. ew Motorized Bicycle—only $ 


@ The fool-proof Jamar Hand Dynamometer 
for positive grip strength evaluation 


TRACTION: Many types of Cervical and Pelvic 


Traction Sets: Hausted Tractionaid. @ And Selected Exercise Equipment, Whirl- 


pools and Traction Units 


at Preston Booth #10 and #11 


HYDROTHERAPY — ELECTROTHERAPY: 
Whirlpools; Paraffin Baths; Hydrocollator; Ries 
Moistaire; Medcolator and other Low-Volt Generators; 
Infrared Lamps; Bakers; Birtcher Ultrasonic Generators. 











We supply ALL EQUIPMENT for setting up a 


Everest & Jennings Wheelchairs; Commodes; Walkers complete Rehabilitation Program. Suggested lay 
and Walking Aids for every need; Hydraulic Patient 
Lifters ; Largest selection of Treatment Tables. through OUR FREE PLANNING SERVICE. 


J. A. PRESTON CORP.,175 FIFTH AVENUE, NEW YORK 10, N. Y. 


outs and equipment lists are available to you 


ANNOUNCING oe " =EASES MUS 

SCHERINGS w SPASM & PAIN 
NEW SPRAINS, STRAINS, 

MYOGESIC* gi LOW BACK PAINS 


*MYOGESIC 
muscle _ analgesic Delering 


relarant 








= BLD WEiLies. To serve your complete needs in 
| ORTHOPEDIC, PROSTHETIC 
and SURGICAL APPLIANCES 


535 N. 27th Street 1134 Regent St. 
Milwaukee 8. Wis. Madison, Wisconsin 








The ORIGINAL... the COMPLETE. .. 


BASIC SHOE PROGRAM 


No. 502 Boy’s STRAIGHT LAST 
Long inside counters, full Thomas 
heels, heavy gauge steel shanks. 
In-Stock. 

SURGICAL MEN’S and BOY’S 
Free adjustment accomodates swell- 
ing. Heavy steel shank gives im- 
portant support underfoot. Sturdy 
leather soles accept bracework. Up- 
pers are soft and mellow. In-Stock. 


WRITE FOR COMPLETE CATALOG 


Manufactured exclusively by— 


C. H. ALDEN SHOE CO., Brockton, Mass. 





witttAms LUMBO-SACRAL FLEXION BRACE 


Orders filled at the request of members of the profession only 


Measurements: 1. Chest (about 4’’ below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Y2 distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to the prominence of Coccyx. 


ALL ORTHOPAEDIC APPLIANCES 


MILLER BRACE CO. 
3902 Gaston Avenue Dallas, Texas 
For prompt service use our P. O. Box 7902 


Custom Built: Braces—Surgical Supports—Splints—Arch Supports—Folding 
Wheel Chairs— Aluminum Adjustable Crutches—Airfoam Head Halter Sets— 
Airfoam Rib Binders— Canes, Etc. 

' 











Insist on the ONE, the ONLY, original 


PUGH HIP NAIL 
by Drlhopedic 








No. 276 


@ Allows impaction of the fracture fragments without 
fear of the nail penetrating the hip joint. 


@ Prevents distraction of the fracture fragments. 


(SELF-ADJUSTING) @ Nail is so constructed that only the plate length 

Pot. No. 2.202.543) need be varied as adjustability of the nail adapts 
at i ae the appliance for use in almost 100% of all fractures 
(Pat. No. 670,050) about the upper end of the femur; reduces the 


inventory. 
@ Has highly successful history. 
@ Offers definite advantages because of unusual 


strength and adjustability. 


The Pugh technique was published in THE JOURNAL OF BONE AND 
JOINT SURGERY, Vol. 37-A, No. 5, pp. 1085-1093, October, 1955; by 


Dr. Willis L. Pugh of Evansville, Indiana 
Order a supply today! 


Sac a 
EQUIPMENT CO. 
Orthopedic '3uipmentco, 
Plone alco ©» ELMS PS 
Great Britain SMO INTERNAL BONE APPLIANCES - ORTHOPEDIC SUPPLIES 


and Germany 








University of Illinois Sternal Puncture Needle . . . 


SIMPLIFIES MARROW ASPIRATION 


Specially constructed Luer lock hub 
and a knurled edge on a large stylet 
head — plus a stylet which locks in 
place — have made the University of 
Illinois Needle the instrument of 
choice for marrow aspirations from the 
sternum. These features also make it 
easy to utilize such alternative sites of 
bone marrow puncture as the iliac 
crest, vertebra, tibia, femur, and in- 
ternal malleoli. Adjustable for cepth, 
the needle may also be used for in- 
fusions into the marrow, if desired. 
Usable with standard glass tip or Luer 
lock type syringes. 
SU-21000 - University of Illinois Ster- 
nal Needle. Stainless. 15g x 1’’, each. 
$14.50 
For complete information ask your V. Mueller representative, or write . 


\/ MUELLER «- CO. 


Fine Surgical Instruments and Hospital Equipment 
330 South Honore Street . Chicago 12, Illinois 


DALLAS ° HOUSTON ° LOS ANGELES ° ROCHESTER, MINN. 
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A New Dimension 


* 
+ 
a 
° 
In Foot Comfort! . 
* 
s 
oe 


KLEISTONE’S . nce 


# CUSHION 
Y1CO A] on 


THERAPISTS | BOUNCING 
here is your 
best friend for PUTTY 
treatment of frac- 
Made of resilient cellular rubber, tures, spastic cases, cerebral 
covered on top with soft, pliable leather. The } palsy, stroke, polio or, hand 
bottom is not covered, so that this cushion 


may be altered easily, by additions orreductions , 99 
to fit the individual case. dealer or as a “‘trial order” send 


Write for full details | $2.00 for one $2.85 jar. 


K.eistone Rupser Company, inc. S. R. GITTENS, Distributor 


Established /1919 1620 Callowhil! St.. Phila. 30, Pa 
Weorren, Rhode Island; U."S. A. 


injuries. Get it at your surgical 


> 
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F. R. Thompson Type Hip Prosthesis — Popular 
choice of surgeons because of its ease of inser- 
tion and good results. 


: Moore Type Hip Prosthesis — Holes in stem 
allow bone growth through the prosthesis 
. (sometimes filled with bone crumbs before 

insertion). 


(SMo STAINLESS) 


for every requirement 


ys _— . a Eicher Type Hip Prosthesis — Tri-finned shaft, 
Richards Femoral Prostheses available in two diameters. Shaft length 51/2”. 


are solid forged, precision ma- 
chined of SMo stainless, electro- 
polished for optimum tissue tol- 
erance. Offer maximum ductility, 


maximum strength, mirror finish 
and hollow concentric head for 
reduced weight. These popular 
forms available with specially de- 
signed rasps and broach to facili- 
tate insertion. Teflon faced drive- 
head assures against damage to 
polished, precision head, produc- 
ing smooth motion against the 
acetabulum, precludes possible 
contamination to surface of pros- 








thesis head. Packaged in Kane 
Sterifabric Sterilizing Case. 
Rasp forF.R. Rasp for Broach for 


ye 7 . ° Thompson type Moore type’ Eicher type 
Write For Full Information me ee - ected. prosthesis. 


\ 
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Teflon Faced Drivehead — Anodized aluminum 


MANUFACTURING body. Totally inert driving face of Teflon. Con- 
COMPANY : cave face fits all heads. May be autoclaved 


756 Madison Avenue, Memphis 3, Tenn. 





The HILL TRACTION offers more... 


Hill Tractior the only mechanical treatment 
table that provides ympletely automatic m anipu 
lation, stretching and rolling traction with heat 
and vibration 
For rolling traction, with the special top in motion 
each articulation is treated separately and evenly 
by Hill Traction’s semi-pneumatic spring 
cushioned rollers. When stretching traction is 
necessary, Hill Traction offers a complete selec 
n of harnesses to provide zero to 200 pounds 
pull, constant or intermittent, for any area of the 
body. And Hill Traction can be used as a multi 
purpose treatment table 


Write today r complete informat 








(fears) HILL LABORATORIES Co. 


MALVERN, PENNSYLVANIA 











Improved Prosthesis for 
Hip Disarticulation Amputees 


Plastic laminate 
; socket, anterior 
~ pivoted, SACH foot, 
plastic finish. 


wel "4 Certified Prosthetists 
for all styles of 
j prostheses. 


Certified Facility 
located on. street 
level with free 
parking facilities. 


| 


Canadian Style 


UNITED LIMB & BRACE CO., INC. 


15 Berkeley St., Boston 16, Mass. Ha-6-4018 
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Elgin Exercise 
Unit Medel 
No. A-1500 


« + +» especially designed for the 
administration of over 100 therapeutic exercises! 


It has been proven that exer-i:» therapy must be ac- 
curately controlled if the desir-d end results are to be 
obtained . . . Elgin, the origina. designers and manu- 
facturers of Progressive Resistance Equipment, offers 
the only complete line of exercise equipment designed 
to meet these requirements. The Elgin line has been 
developed, in a scientific manner, to give Doctors and 
Therapists the correct clinical tools with which to prop- 
erly administer exercise therapy to both surgical and 
non-surgical patients. 

It provides a wide exercise range, from simple func- 
tional exorcises to the most highly definitive focal exer- 
cises. This equipment also provides a means for an 
effective and efficient out-patient clinic for patients 
requiring therapy. An Elgin sales consultant would ap- 
preciate the opportunity of assisting you in planning 
for the inclusion of Progressive Resistance Exercise 
Equipment in your physical therapy department. Write 
today for complete information. 


Nee LU 


ELGIN EXERCISE UNIT ELGIN LEG EXERCISE 
Mode! No. AB-150 (Ankle) Model No. LE-125 


Write today for information on the complete 
line of Elgin Exercise Accessory Equipment 


( ? and Therapy Techniques, request Catalog 200 
él: EXERCISE 
APPLIANCE CO. 


P.O. BOX 132 © ELGIN, ILLINOIS 


The Jou nal otf Bone 





cave face fits aii heads. May be avurociaved. 


756 Madison Avenue, Memphis 3, Tenn. 


| -E= Flexibility is the keynote of Chick DVHI Orthopedic and Surgical 
ar -> iol iiia’ 0 


Featuring variable height, it employs a self-contained 

hydraulic unit with built-in safety factor. Table tilts laterally and 

insures offers Trendelenburg position of 15 degrees. Newest feature is 
: carriage-mounted Chick Transverse Cassette Tuniel. DVHI is ideal 


Maximum for all Orthopedic surgery, most general surgery, and all cast 


work. Write today for additional information 


Shifted (-Talens 





consent wore CHICK coneany 


Main Office and plant 
. 821-75th Avenue, Oakland 21, California 
General Sales Office 
5 Broadway, East Paterson, New Jersey 
Canadian Representative 
J. F. Hartz Co., Ltd., 34 Grenville Street. Toronto 
Manufacturers and Distributors of 
Hospital Orthopaedic and Fracture Equipment 





The 
Ruth Jackson 
Cervical 
Collar 
of "CERVICAL SYNDROME” 


BY 
RUTH JACKSON, M.D., F.A.C.5. 


An all-purpose plastic collar for extension, stabilization, and the recommended 
flexed, or straight neck and ‘chin tucked in”, position indicated in whiplash sprains 
and other cervical conditions. Completely adjustable for proper fitting, position and 
support with minimal pressure at the ridge of the trapezius. Available to brace 
makers. 

Literature and reprint on request 


FLORIDA MANUFACTURING CORPORATION 
TERRY MOORE, PRESIDENT 
BOX 449 » DAYTONA BEACH, FLORIDA 
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For Congenital Dislocation of the Hipp— ORDER 


FREJKA 


ABDUCTION PILLOW SPLINTS 





with the new Wet-Proof pillow 
3 SIZES: 
Small—6"' pillow splint (up to 4 months) 
Medium—9"' pillow splint (4 to 8 months) 
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